

















METABOLISM OF ISOLATED LUNG TISSUE: NORMAL AND 
IN PHOSGENE POISONING* 


By FRIEDA P. SIMON, ALBERT M. POTTS, anp R. W. GERARD 


(From the Departments of Physiology and Biochemistry, the University of Chicago, 
Chicago) 


(Received for publication, August 17, 1946) 


Some knowledge of the enzymic activities of normal lung became neces- 
sary for an evaluation of the effect of phosgene (and diphosgene) on lung 
metabolism. Information in the available literature is meager and is 
largely based on analyses of right heart and arterial blood or of lung per- 
fusion fluid. Jn vitro investigations of pulmonary enzyme systems, made 
in connection with phosgene research, are here summarized. Attention 
is also given to data obtained in parallel experiments on normal and phos- 


gene-poisoned tissue. 


Method 


Lung tissue from rats, rabbits, or dogs was sliced, scissor-minced, or 
homogenized into a brei. The Warburg manometric technique and the 
Thunberg methylene blue method were employed to follow respiratory 


tates of these preparations in the presence or absence of added substrate. 
Unless otherwise specified, the suspension medium was M/15 phosphate 
buffer at pH 7.3, the temperature 37°, and the added substrate 0.03 m 
final concentration. Glycolysis was determined with the tissue in a bi- 
bonate medium and a 95 per cent N2:5 per cent CO, atmosphere. 
rase activity (lung brei) was also determined by this latter method, or 
by potentiometric titration, with a glass electrode assembly. For the 
her lung enzyme systems explored, the preparations used are listed in 
Table III and the methods for determining their activity are described in 
the respective references, cathepsin (1), glycogenase (2), alkaline and acid 
sphatases (3, 4), catalase (5), and fumarase (6). A yeast extract free 
Of viable cells (7), useful in analyzing the different steps in glycolysis, was 
‘dtained by incubating 1 volume of dried brewers’ yeast with 3 volumes of 
‘water at 37° for 3 hours and then dialyzing the filtrate against water in the 
told for 12 to 24 hours to remove the phosphate. 
_ Of the various methods for obtaining lung tissue, with and without ex- 
ire to diphosgene, the most desirable is the use of a unilaterally gassed 


_ *This work was done under a contract, recommended by the Committee on Medi- 
Research, between the Office of Scientific Research and Development and the 
rsity of Chicago. The experiments reported here were performed in 1942-44. 
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dog.' Here one lung is protected from the gas by a plug inserted into the 
bronchus before exposure. When smaller animals were gassed, the lungs 
were used individually, despite considerable variation, or they were pooled 
and groups of animals were compared. Diphosgene dosage was 0.8 mg. 


per liter for 30 minutes for dogs, 0.7 mg. per liter for 10 minutes for rats | 


and rabbits. The remaining method involves in vitro exposure. Lung 
slices could not be satisfactorily treated with diphosgene 1n vitro because 
of great local irregularities in exposure, even a film of buffer affording pro. 
tection. With a homogenized suspension, diphosgene was allowed to 
diffuse from a depot or was added directly, usually in light mineral oil, 
This facilitates handling and minimizes premature hydrolysis, which ren. 
ders dosage uncertain. In vitro exposures were probably quite heavy, 
Extensive pilot experiments on lung suspension or rat lung gassed in vivo 
were checked on the plugged-lung dog preparation as well as on partially 
purified enzyme systems. 


Results 
Normal Lung 


Respiration—Basal oxygen uptake is considerably higher for lung slices 
than for more extensively fragmented tissue. Figures obtained for rat 
lung Qo, (c.mm. per mg. of dry weight per hour) are summarized and also 
compared with those from other laboratories in Table I. The Qo, values 
(slices) for a number of species are rat —7.5, rabbit —6.7, guinea pig 
—6.1, cat —3.9, pigeon —3.6.* 

The respiration of slices is not much increased by any of a number of 
carbohydrates or their degradation products (lactate, glucose, hexose-- 
phosphate). In some instances, however (glucose, pyruvate, hexose-- 
phosphate, hexose-1,6-diphosphate), use of the substrate could be demon- 
strated by chemical analysis.? Succinate is the exception; with or without 
added cytochrome c it increases the Qo, of rat slices by 30 per cent (ef. rat or 
rabbit 17 per cent, cat or pigeon 26 per cent).2 Malonate cuts the basal 
respiration of slices by approximately one-third, indicating that the residual 
substrate partly passes through, or is, succinate. 

Brei, with an initially low Qo,, takes up oxygen 3 to 5 times more rapidly 
in the presence of succinate, and this increase is further quadrupled by the 
addition of pure cytochrome c, which does not itself affect respiration d 
slices or brei. This stimulation of succinate oxidation by cytochrome ¢ 
has also been noted by others (10, 11), a Qo, as great as —18 with bot 


1 Gerard, R. W., et al., unpublished data. 
? Barron, E.S. G., Miller, Z. B., and Bartlett, G., personal communication, Marth 
8, 1943. 
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additions having been reported. A smaller succinate increase, 150 per 
cent, for rabbit lung (or 200 per cent for rat?) may result from an initial 

e deficiency (9, 12). That the state of subdivision of the tissue 
js important, perhaps due to limited substrate entry, is further shown by 
the lower increase produced by succinate for chopped as compared to 
homogenized tissue, in the rat —2.5 compared to —7.5, in the rabbit —6.1 
compared to —8.3 (10). Table II records the effect of a number of sub- 
strates on lung brei Qo,. Lactate and malate are ineffective when tested 


TABLE I 
Respiration of Rat Lung 





—_—_— 





Preparation | —0o0, Bibliographic reference No. 
Slices 4.4 +0.4* 
(3.5 —- 7.5)T 
7.6 +0.7 § 
(6.2 —- 9.0) 
7.8|l (8) 
Brei | 0.78 +0.1 
(0.6 - 1.0) 
0.75¢ + 0.05 § 
(0.65 - 0.85) 
| 0.57 - 0.944 (9) 








* The highest values were obtained when precautions were taken to prevent undue 
loss of substrate during preparation of slices. 

t The figures in parentheses are the range of variation. 

t Decreased only 25 per cent in 4 hours for slices; the brei value for Ist hour falls 
rapidly. 

§ Barron, E. S. G., Miller, Z. B., and Bartlett, G., personal communication, 
March 8, 1943. 

| Whole lung preparation. 

4 Rabbit, 1.25 in one instance; 1.8 for embryonic lung. 


in the usual manner, but both are used by rabbit lung, as shown by the 
cyanide, methylene blue technique (cyanide to bind the reaction product, 
methylene blue to substitute for the cyanide-inactivated cytochrome sys- 
tem (13)) or by rat lung as measured by the ferricyanide method (14). In 
the former case, the very low Qo, (—0.25) is increased 2-fold by lactate, 
$fold by malate; in the latter, the basal QN3,, —3.5 (= Qo, —0.88), is 
raised 10 per cent by lactate, 150 per cent by malate. Other workers have 
reported increased Qo, with hexose-6-phosphate*? (9) and with hexose- 
1,6-diphosphate, fumarate, pyruvate, and citrate (9). Our negative 
results with these latter substrates were substantiated by Barron? 

Succinate accelerates the basal Qyp of lung brei 2- to 3-fold (basal —0.5 
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to —0.8, with succinate —1.4), and this rate is fairly well maintained 





through a second and even a third reduction period. With approximately 
0.35 mg. of methylene blue for an equivalent amount of tissue (about 39 | 
mg. of dry weight), others (10) have found a lung basal Qyp of —0.5 and, | 
with succinate, a value of —1.8. They note that there is no constant 


Tasie II 
Respiration Systems of Rat Lung Brei 





—_____ 


Per cent of control (without addition) 














Addition Methylene blue | 
reduction rate Os uptake rate 
| (1/time)* 

| ye ee re eee eT Tere ee ee eee | 100 100 
IIE 20 nc Sune peesnws ec kevesadctavs oes 350 230 

= ee A eS ee 100 
Meee a), aaiccipetevacde Gesamte bsen’ | 330 100 
Adenosine triphosphate.........................5- | 330 250 
eR ccc i ncdvceketsestancaishees uae 300 165 
 cccheciedsec est ctencusecussis Cheveesisse 250 | 250 
IED, cc cvvcnccccesdtevasseccsees ss 200 100 
etna MEL Lh dra bis wens ws 150 | 100t 
as ind cs seus obee ee Ke sa0d evans 130 
Hexose-1 ,6-diphosphate.....................00005: 120 100 
Te ot er TU EEe COREE EC TEL TT CRE EEE T 100 100 
I TCL, Be hc EG ch vce cebdakdwek See eekised tae 60 100 
ie iit cinyachawanndteveaesTexee’s 60 
ns os as de bbesksed veeeee \eeabeies eu 50 
NES OE SET Pe Tere eT TS PTV Te ere Tee ee 50 
Pe oi. eis bb che ubeNiesenuesdteawenteal 40 
DUIS. SOLS uW be as vee Sebnb ocaee eS neee ets 25 
ck a i a ae i ulate e Waiher 25 
ee he Ce oa are aes aan be piwad kik 300 
NS SC ae | 215 





* These times are for 0.25 mg. of methylene blue. With 0.4 mg., the rates are not 
always in the same order; nor is reduction time proportional to the methylene blue 
content. 





t Lactate gives a slight increase when cyanide and methylene blue are present in 
the system to bind pyruvate. 


relation between rate of reduction of MB and oxygen uptake. Other 
substances checked and their effect on the Qyp are listed in Table II. 
Glycolysis—The lung, both by structure and function, is highly aerobit 
Whether glycolysis occurs in it normally or only under conditions of expet 
ments designed to measure glycolytic rates is nowhere adequately con- 
sidered. There are many instances (15) of tissues which form lactic acid 
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under the usual in vitro conditions but not under more completely normal 
ones or in vivo. Anaerobic glycolysis was found in lung. For slices, the 
Qircotysis (e.mm. of CO: liberated per mg. of wet weight per hour) is 0.75 
with no addition, 1.5 to 2.25 with glucose or hexose-6-phosphate added. 
Glycerophosphate has no effect. Brei glycolysis figures are low and erratic; 
glucose or hexose-1 ,6-diphosphate increases the glycolytic rate slightly. 























TaB_e III 
Action of Diphosgene (and Acid) on Lung Enzyme Systems 
| E Per cent 
inhibition 
; by 
Du- & 
Bogme | Prepared / Substrate | Fndzreg'*t| ton} Atma «= | RY lg 
: We 
4/)4\3s 
alals 
hrs. | 1 2@ y > real mg. psa 
Cathepsin | Lung brei | Dialyzed | Tyrosine | 0.5, 4.5 10 | 29 | il 
red blood 
cell paste 
Glyeo- Acetone- | Glycogen | Glucose | 3 | 150 10; 0; 0 
genase dried lung 
powder 
Alkaline Autolyzed | Naz a-glye-| Free P 1 4 10 |100 |100 
phos- brei_ of erophos- 6.8 (pH 9.5); 2) 9| 20 
phatase perfused phate 3.5 ( “ 8.4)| 2) 27 | 30 
lung 2.4 ( “ 8.0)| 2) 28] 35 
Acid phos- “ec “cc “cc “ ‘cc “cc 1 0 7 ( “cc 3.5) 4 0o* 0* 
phatase 1.8 ( “ 4.5)| 4 | 25 | 30 
1.6 ( “ 6.0)| 4 | 20] 28 
Catalase | Brei of per-| H,O, H,0; 0.5| 82% gone (200|10;| 0; O 
fused mg. prepara- 
lungs tion) 
Fumarase | Lung brei | Na: fuma- | Malate | 1 2 1; 0; 0 
rate 





























*Control activity almost nil. 


Miscellaneous—Lung brei (150 mg. of wet weight) hydrolyzes 30 per 
cent of ethyl acetate, ethyl butyrate, or amyl acetate in 40 minutes, better 
than 50 per cent in 90 minutes, when ester equivalent to 120 to 600 c.mm. 
of CO, is added. Heating the brei at 70-90° for less than 30 minutes de- 
stroys the esterase activity. The autoxidation rate of unsaturated ric- 
indleic acid is increased 2.5 to 3 times by normal lung brei or a water ex- 
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tract of acetone-powdered lung (for the method, see (16)), but heated 
preparations are equally effective; so enzyme action is excluded. Nor dogs 
iron appear to be the catalyst. The amylase activity of lung is less thap 
that of pancreas or saliva (17), although 1 mg. of diced lung can produg 
150 y of glucose from glycogen (Table III). Lung catalase activity 
(Qeatalase = ¢.mm. of O, liberated from HO, per mg. of dry lung in 39 
minutes) is 110 at 0° (cf. 470 at 38° (18)). The activity of lung phosphs. 
tases, both acid and alkaline, cathepsin, and fumarase has also been ip. 
vestigated (Table III). (For other figures on lung fumarase, see (9, 12).) 


Phosgene Action 


Lung—Lung brei of rats killed at various intervals after exposure to 
diphosgene has a Qo, of —0.3 to —0.85. These values fall in the lower 
normal range, and this shading downward is rather more when succinate, 
with or without cytochrome, is added. Brei exposed in vitro also shows 
an oxygen uptake in the low range of unexposed brei, but responds to 
added succinate, or cytochrome and succinate, less than half as much. 
With cyanide and methylene blue added ((13) see above), lung brei from 
exposed rabbits utilizes lactate at one-half and malate at one-fouzih the 
normal rate. The lactate effect is also less than half normal with brei ex- 
posed in vitro, but malate activity is not injured. Dehydrogenase measure. 
ments with ferricyanide as the electron acceptor (14) showed no noteworthy 
changes in gassed tissue. 

Methylene blue reduction time compared with actual oxygen uptake of 
the same brei may exaggerate or minimize variances between normal and 
exposed tissue, but the direction of change is reliable. The basal Qyp of 
lung brei is cut to one-fourth by diphosgene added in vitro, halved by 
equivalent HCl. The more rapid dye reduction with succinate is also 
slowed, more by diphosgene than by acid. 

The most trustworthy results, on comparing the exposed and protected 
lungs of unilaterally gassed dogs, show consistent but moderate injury to 
the respiration systems of gassed lung. The figures in Table IV are aver- 
ages of several reproducible experiments. Lungs were removed at once 
after exposure, and any early dilution of active tissue by edema fluid was 
excluded by dry weight determinations. Blood congestion after gassing 
might contribute to a small general decrease in activity per unit weight 
lung, but can hardly be responsible for the greater or varied changes. 

Lungs from exposed rats have a normal esterase activity, tested m 
ethyl butyrate as substrate. The catalytic effect of normal lung brei ors 
water extract of acetone-powdered lung on the autoxidation of ricinoleit 
acid is not altered by in vivo gassing (dog, with diphosgene). Of the mis 
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gellaneous lung enzymes considered, only in the case of cathepsin is the 
injury by diphosgene greater than that by equivalent acid; 29 per cent in- 
hibition compared with 11 per cent. The low level of lung glycolysis 
renders determination of possible phosgene effect difficult. 

Yeast—Though the significance of glycolysis in lung metabolism is un- 
certain, advantage was taken of a system in which the effect of the gas on 
the glycolytic cycle could be readily explored. Following incubation at 
38° of yeast extract in borate buffer at pH 7.3, with 0.01 mm (4.1 mg.) of 






























































TaBLe IV 
Comparison of Brei from Normal and Exposed Lungs of Unilateral Gassed Dogs 
| ween reduction Os uptake rate 
Addition 0.25 mg. 0.4 mg. ist hr. 2nd hr. 
Nor- | Ex- | Nor- | Ex- | Nor-| Ex- | De- | Nor-| Ex- De- 
mal | posed| mal | posed| mal | posed|crease| mal | posed | crease 
min. | min, | min. | min f me fad 
ee 42 | 56 | 22 | 55 46 | 36) 22 48 | 32)] 33 
Adenylic acid............. 25 | 25.5) 115 | 105 9 | 125 | 100 | 20 
Coenzyme. . ...| 26 | 49 | 25.5) 27 
Adenosine triphosphate. ..| 24 | 37 | 25 | 26.5 96; 92) 4)/ 91) 83] 9 
Glycerophosphate ........ 35.5) 38 | 270 | 175 | 35 | 125 | 100 | 20 
i 16.5, 17 | 56 | 78 | 550 | 430 | 22 | 365 290) 21 
mi +} _aggagy 925 | 800 | 13 | 610 | 585 | 4 
ee ene nete.. ...| 9 | 10.5) 13 | 17 
Glucose.......... ae 22 | 23.5 
ss ove Kes se say 110; 95) 14 | 105| 70} 33 
Slices 
None | | | 255 | 165 | 35 | 215 | 120| 44 
ccc be neses | | 750 480 | 36 | 520 | 350 | 33 











hexose-1,6-diphosphate per cc., 2 cc. of 5 per cent trichloroacetic acid are 
added to stop the reaction, and phosphate is determined (4) on the filtrate. 
The inorganic fraction, a measure of completed glycolysis, is obtained 
directly; the labile fraction, taken to represent the triose phosphates and 
phosphopyruvic acid, is given by the increase above the inorganic fraction 
alter treatment with 1 Nn alkali at room temperature for 20 minutes (19); 
and the stable fraction, taken to represent unsplit substrate or phospho- 
glyceric acid, is given by the further increase above labile after boiling for 
5 minutes in the 1 N alkali. Roughly, the scheme is summarized in the 


accompanying diagram. 
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Hexose-1,6-diphosphate (stable) 
| (Zymohexase) 
Triose phosphate (labile) 
| (Triose phosphate dehydrogenase) 
Phosphoglyceric acid (stable) 
J (Enolase) 
Phosphopyruvie acid (labile) 


Inorganic phosphate 


With 0.1 mM cyanide added to stop fermentation at the triose phosphate 
stage (20), zymohexase activity is measured. This is injured by diphos. 
gene only at concentrations above 5 mm (1 mg. of diphosgene per ce), 
Over-all glycolysis, in the absence of cyanide, is inhibited by lower concep. 
trations of diphosgene, indicating a more sensitive enzyme at a later step, 
Since the labile fraction maintains a remarkably constant equilibrium 
value, even after exposure to large doses of agent, it is probable that triog 
phosphate dehydrogenase and the enzyme controlling dephosphorylation 
of phosphopyruvic acid are quite uninjured by diphosgene. In the w- 
gassed system, hexose diphosphate is almost completely gone within 5 
minutes (stable P in cyanide), but the stable fraction is only half gone in 
1 hour, three-fourths gone in 2 hours, indicating the accumulation of phos- 
phoglyceric acid, which is but slowly carried farther. In the diphosgene- 
injured system this stable fraction is increased, and progressively with in- 
creasing diphosgene concentration. The most likely site of inhibition at 
the lowest concentrations of diphosgene (3 mM) is thus the conversion o 
phosphoglyceric to phosphopyruvic acid; and the enzyme enolase is indi- 
cated as that one in the glycolytic enzyme group which is most sensitive to 
diphosgene. With glucose as initial substrate, the weakest link may be 
its phosphorylation by hexokinase, which is 60 to 80 per cent inhibited by 
2.5 mm diphosgene in 15 minutes. 


SUMMARY 


The activities of some respiratory, glycolytic, and other enzymes d 
mammalian lung have been determined. Certain of these are damaged by 
diphosgene on inhalation or in vitro exposure. Whether any one or all 
these enzyme effects are responsible for the lowered respiration of gassed 
lung (or the lowered glycolysis of exposed yeast), or for the loss of semi- 
permeability and lung edema induced by such gassing, remains unknown. 
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THE EFFECT OF 6-CHLOROETHYL VESICANTS, THERMAL 
| INJURY, AND TURPENTINE ON PLASMA FIBRIN, 
CHOLESTEROL, AND SUGAR OF DOGS AND RATS* 


By ALFRED CHANUTIN ann STEPHAN LUDEWIG 
(From the Biochemical Laboratory, University of Virginia, Charlottesville) 


(Received for publication, August 24, 1946) 


Previous work (1, 2) has shown that the nitrogen and sulfur mustards 
profoundly affect the distribution of lipides, particularly cholesterol, 
in the adrenals of rats and of the serum proteins of dogs. A variety of 
other injuries produces changes in serum protein distribution similar to 
those seen after poisoning with mustards (3). In addition to being general- 
ized systemic poisons, the mustards act specifically on lymphoid tissue, 
the intestinal tract, and the bone marrow (4). 

The present paper deals with an attempt to differentiate more clearly 
between the biochemical mechanism of mustards and other types of chemi- 
cal and physical injuries. The estimation of fibrin is of interest, since 
this protein might be influenced by “‘injury,” just as are other globulins. 
The plasma cholesterol could possibly reflect the changes in tissues. Blood 
sugar is increased after a wide variety of injuries and may serve as an 
index of the severity of damage. The results obtained indicate that each 
of these plasma constituents may undergo marked changes in concentration 
after injury by a variety of methods and agents. 


EXPERIMENTAL 


Male rats of Wistar stock, about 70 days old, and healthy, mature male 
and female dogs were used as experimental animals. Details have been 
presented for the intravenous injection of the mustards in rats (1) and 
for the injection and cutaneous application of mustards, the production of 
thermal injury, and the injection of turpentine in dogs (2, 3). Rats, 
under light pentobarbital anesthesia, were burned by dipping the clipped 
backs in water at 75° for 20, 30, or 60 seconds, thus burning about one- 
third of the body surface. 

Blood, removed from the jugular vein of the dog and from the abdominal 
aorta of the rat, was prevented from clotting by potassium oxalate. Total 
and free cholesterol were determined according to the procedure described 
by Sperry and Brand (5). Plasma sugar was estimated by the method of 
Nelson (6). For the determination of fibrin N, the method of Cullen 


* This work was done under contract with the Medical Division of the Chemical 
Warfare Service. 
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and Van Slyke (7) was used, and the nitrogen was determined by the 
micro-Kjeldahl procedure. 
Results 


8-Chloroethyl Vesicants—Lethal and sublethal doses of ethylbis(g. 
chloroethyl)amine, methylbis(-chloroethyl)amine, _ tris(6-chloroethy)). 








DOG 9 DOG 
FIBRIN N —— 
TOTAL CHOLESTEROL —@— 
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DAYS AFTER INTRAVENOUS INJECTION 
OF SULFUR MUSTARD 


Fic. 1. Plasma fibrin N and cholesterol concentrations after intravenous injection 
of sulfur mustard. Dog 11 was given two non-lethal doses with an interval of 1 week. 


amine, and bis(8-chloroethyl) sulfide were injected into a total of twenty- 
one dogs. 

The changes in plasma fibrin and cholesterol concentrations after intr 
venous administration of lethal and non-lethal doses of sulfur mustard 
are graphically shown in Fig. 1. These changes are also fairly typical for 
those observed with the nitrogen mustards. In all cases in which aa 
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animal dies within a few days after injection the fibrin and cholesterol 
concentrations increase rapidly. The ratios of free to bound cholesterol 
remain fairly constant despite the increase in absolute amounts. Dogs 
receiving sublethal doses of vesicants may show a slight rise, a slight 
decrease, or no change in the plasma cholesterol concentration. In general, 
the changes in fibrin concentrations parallel those of cholesterol. It was 
found that the fibrin or cholesterol concentrations could serve as excellent 
prognostic indicators, since a continued marked increase in either of these 
constituents invariably indicated that the dog would not survive. 

The marked decreases in the leucocyte or platelet counts noted in these 
dogs after lethal or sublethal doses do not serve as indices of the severity 
of the intoxication. The decreases are temporary in the animals which 
recover. 

TaBLe I 


Effect of Intravenously Injected B-Chloroethyl V esicants on Plasma Cholesterol 
of Fasted Rats 




















58 Total cholesterol, mg. per cent and standard error 

2c 

a 

# Gtne teiacted Group I* Group II* Group III* Group IV* 

1 | 58+ 2.0 (10); 54+ 1.4 (10) | 62 + 2.6 (20) | 65 + 2.8 (10) | 72 + 3.3 (10)f 
2 | 61 + 8.0 (10); 70 + 3.6 (12) 96 + 4.0 (9)t) 69 + 3.7 (10) | 68 + 4.6 (10) 
3 | 5448.2 (10)} 79+ 4.0 (9)t) 113 + 4.2 (20)f| 79 + 4.5 (10)t| 79 + 2.6 (17)T 
4/48 + 8.0 (10)} 89+ 4.7 (9)t] 76 + 6.1 (10)t| 67 + 3.2 (10) | 7246.7 (7) 
5 | 53 + 5.8 (10) 59 + 4.2 (10) | 69 + 4.7 (10) 














The figures in parentheses represent the number of animals. 

* Group I, ethylbis(8-chloroethyl)amine hydrochloride, 0.4 mg. per kilo; Group 
II, methylbis(8-chloroethyl)amine hydrochloride, 1.2 mg. per kilo; Group III, 
tris(8-chloroethyl)amine hydrochloride, 0.6 mg. per kilo; Group IV, bis(8-chloro- 
ethyl) sulfide in thiodiglycol’0.4 mg. per kilo. 

t Represents significant differences when compared with saline controls. 


Sulfur mustard (50 mg. per kilo) was applied to the shaved skin (10 sq. 
em.) of two dogs. They were kept under light anesthesia for 4 hours in a 
well ventilated room and the agent was removed with soap and water at 
the end of this period. One dog died 4 days after cutaneous application. 
The total cholesterol rose from 83 to 172 mg. per cent, and the fibrin nitro- 
gen from 41 to 150 mg. per cent during this period. The remaining animal 
showed no symptoms of acute poisoning. Both the total cholesterol and 
fibrin nitrogen rose about 50 mg. per cent during a 13 day period of observa- 
tion, at which time the animal was sacrificed, owing to the marked necrosis 
of the skin. 

The data for the total plasma cholesterol of rats intravenously injected 
with LD 100 doses of chloroethy] vesicants are presented in Table I. The 
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increases in the mean values for cholesterol are relatively small when com. 
pared to the results obtained in dogs. Furthermore, there is no consistent 
relationship between the extent of the changes and the time after injection 
for the four agents. Analyses for fibrin in these treated rats showed that 
the concentrations of this component remain within the control limits o 
saline-injected animals; these data are not presented. 

The data for plasma sugar after the intravenous injection of LD 19 
doses of four vesicants into rats are shown in Table II. The mean values 
for blood sugar are all significantly increased after injection. This response 
is characteristic for a variety of non-specific alarming stimuli (8). 

Thermal Injury and Turpentine Injection—The changes in fibrin nitrogen 
and total cholesterol of dogs exposed to thermal injury are shown in Fig. 2, 








TaB.e II 
Effect of Intravenous Injection of 8-Chloroethyl Vesicants on Plasma Sugar 
ae Sugar, mg. per cent and standard error 
alter 
injec- . ss | | 
en) Stee Group I] Group II* | Group III* Group IV* 
| 





1 | 71+ 3.2 (9)/130+ 7.5 (6)|128 + 11.0 (12) 139+ 2.4 (6)| 114+ 1.96) 
2 | 8744.8 (7)| 2254 50.5(7)|145 + 4.8 (12)| 1424 5.8 (13) 125+ 3.466) 
3 | 68+ 3.7 (9)| 199 + 14.5 (4)|130 + 13.1 (6)| 232 + 41.2 (5)| 140 + 10.96) 
4 | 72 + 3.3 (12) 133 + 8.4 (7) | 158 + 11.0 (7) 














The figures in parentheses represent the number of animals. 

*Group I, ethylbis(8-chloroethyl)amine hydrochloride, 1.0 mg. per kilo; Group 
II, methylbis(8-chloroethyl)amine hydrochloride, 1.0 mg. per kilo; Group III, 
tris(8-chloroethyl) amine hydrochloride, 1.0 mg. per kilo; Group IV, bis (6-chloro- 
ethyl!) sulfide in thiodiglycol 0.5 mg. per kilo. All values for Groups I, II, III, and 
IV are significantly greater than those of the respective controls. 


Dogs 24 and 26 were sacrificed 3 and 7 days, respectively, after burning, 
owing to the swelling of the genitalia in the first case and to the marked 
necrosis of large areas of skin in the second dog. Both the fibrin and 
cholesterol concentrations rose immediately in these animals. A similar 
increase was seen after the destruction of skin by dry COs. 

Intradermal or subcutaneous injection of turpentine causes a precipitous 
increase in the fibrin and cholesterol concentrations. The data for two 
dogs are shown in Table III. 

The results for plasma cholesterol in rats after burning are shown it 
Table IV. It should be noted that the exposure of these rats to hot water 
for 30 and 60 seconds causes the immediate formation of a hard crust 
which is followed by a visible breakdown of skin about the 3rd day. Sta- 
tistically significant increases in cholesterol are obtained on the Ist and 2nd 
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for the 30 and 60 second groups and on the 2nd day in the 20 second 
group. The cholesterol content decreases after this time and may drop 
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Fic. 2. Plasma fibrin N and total cholesterol concentrations after thermal injury. 
These animals were heavily anesthetized with pentobarbital when burned. Dogs 24 
and 26 were dipped into hot water up to the shoulders. The genitalia of Dog 26 
were protected with wet gauze. Dry ice was applied to the inner aspects of the 
back and front legs of Dog 27 for 3 minutes. 


significantly below the control value after a week. The lack of a sustained 
elevation in cholesterol differentiates this species from the severely burned 
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dog. In order to produce a severe thermal injury it is necessary to eXDose 
the rat to hot water for a much longer period than the dog. It is diffiey, 
to compare the severity of this burn with that produced in the dog. 


TaBLe III 


Effect of Intradermal and Subcutaneous Injection of Turpentine on the Plasma Fibris 
and Cholesterol in Two Dogs 








Dog No. —_|Days after injection! Fibrin N Total cholesters! 
mg. per cent =~. ee 
Intradermal injec- 31f Control | 48 116 
tion* 1 | 99 160 
3 172 226 
| 5 | 122 212 
7 | 116 203 
Subcutaneous in- 32t | Control 39 100 
jection* | 1 | 88 163 
| 3 | 131 235 
| 5 123 236 
| 7 109 196 











* 0.5 ml. quantities of turpentine were injected into six different sites on the back. 
+t Dog 31 was sacrificed on the 11th day owing to infection and necrosis of the skin. 
t Dog 32 was sacrificed on the 7th day owing to marked skin necrosis. 


TABLE IV 


Plasma Cholesterol in Rats in Which Approximately One-Third Body Surface Was 
Burned at 75° for Varying Periods 





Exposure time 














Days 
— 0 sec. | 60 sec. 30 sec. 20 sec. 
Total cholesterol and standard error 
mg. per cent mg. per cent meg. per cent mg. per cent 

0 61 + 2.6 (10) 
1 7242.2 (8)* | 79+3.9 (8)* 70 + 3.0 (7) 
» 4 96 + 2.8 (9)* | 85+3.9 (9)* 81 + 2.4 (8)* 
3 69 + 2.9 (10) | 68242.2 (7) 64 + 2.9 (7) 
4 7144.0 (7) | 5444.0 (8) 59 + 2.6 (9) 
5 5443.7 (9) | 5442.0(10) | 54 + 2.4 (10) 
6 | 4841.4 (9)* | 62 + 2.0 (10) 
7 49 + 2.4 (8)* | 











* Designates statistically significant differences when compared with controls. 


DISCUSSION 


The parallel increase in plasma fibrin and cholesterol concentration 
after a wide variety of chemical and physical injury in dogs is interesting 
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According to Cohn and his associates (9), human fibrinogen binds only a 
trace of cholesterol. It is unlikely that these two components are directly 
associated with each other. 

An accelerated rate of fibrinogen formation by the liver is a characteristic 
response to infection and injury in the dog. The increase in plasma 
fibrinogen must be the result of stimulation of the liver by products of 
tissue disintegration. In previous papers (2, 3) it was shown that the 
globulin distribution of dog serum was markedly changed, according to 
electrophoretic analysis, after injury by vesicants, turpentine, and thermal 
injury. The fractionation of serum of dogs poisoned with turpentine 
yields proteins extremely rich in free and bound cholesterol and phospho- 
lipides (10). It may be possible to explain the rise in cholesterol by the 
formation of increased amounts of these lipoproteins. The assumption 
is made that the same factors which cause increases in fibrinogen are also 
responsible for the production of large amounts of lipoproteins by the liver 
of the dog. The ability of the liver to respond to stimulating factors would 
indicate that the integrity of this tissue is maintained after severe systemic 
injury. 

The difference in the fibrin and cholesterol response of dogs and rats to 
the same type of injury reflects the inexplicable species differences. 


The authors wish to thank Miss Florence L. Jones for technical assistance 
rendered during the course of this investigation. 


SUMMARY 


Injection or exposure to lethal concentrations of 8-chloroethy] vesicants, 
severe injury by hot water, cold (dry ice), and subcutaneous injection of 
turpentine in dogs caused marked parallel increases in the plasma fibrin 
and cholesterol contents. Insignificant changes were noted for these 
constituents, following sublethal doses of the mustards. 

In rats, intravenously injected with 8-chloroethy] vesicants, the plasma 
cholesterol concentrations increased only moderately, and the changes 
were not comparable to those seen in the dog. A marked hyperglycemia 
occurred. After rats were burned with hot water a small but significant 
increase in ¢holesterol was obtained only on the Ist and 2nd days. 

The elevation in plasma cholesterol content following injury may be due 
toan increased production of lipoproteins. 
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A DIFFUSION CELL ADAPTED TO USE IN THE TISELIUS 
APPARATUS 


By KURT G. STERN, SEYMOUR SINGER,* anp SANFORD DAVIST 
(From the Department of Chemistry, Polytechnic Institute of Brooklyn, New York) 


(Received for publication, September 19, 1946) 


The determination of the rate of free diffusion of substances of biological 
interest, such as proteins, viruses, enzymes, etc., has become an important 
tool in studies of the size and shape of large molecules (1-3). Thus it is 
possible to calculate, with the aid of Svedberg’s equation (4), M = RTs/D(1 
-Vp), the molecular weight of colloid particles from the diffusion con- 
stant, D, provided that the sedimentation constant at zero concentration, 
s, the partial specific volume of the solute, V, and the density of the solvent, 
p, are known. RF is the gas constant, and 7’ the absolute temperature. 
The comparison of the experimentally determined diffusion constant with 
that calculated for spheres of the same molecular weight and density yields 
the frictional ratio or dissymmetry constant, from which the axial ratio of 
the molecules may be computed with the aid of Perrin’s formula, assuming 
that they have the shape of ellipsoids of rotation (cf. (4,5)). Furthermore, 
there exists a range of molecular weights, namely between about 1000 and 
10,000, in which the measurement of diffusion rate appears to represent 
one of the few available techniques for the determination of molecular 
weight. 

In recent years the method of chemical analysis of successive layers in a 
diffusion column has been largely superseded by optical methods of analysis, 
most of which are based on measurements of the refractive index gradients 
existing in such systems (cf. (6)). The availability of the Tiselius ap- 
paratus, in which optical systems of this type are employed for the study 
of electrophoresis by the moving boundary method (ef. (7)), has prompted 
several workers (8, 9) to employ the standard Tiselius electrophoresis cells 
for diffusion measurements. The disadvantages of this procedure are the 
presence of large lubricated surfaces which interfere with the study of or- 
ganic solutions and the high cost, fragility, and complexity of operation 
of these cells. The aim of the present experiments was to design a diffusion 
cell which, although capable of yielding accurate results, would not suffer 
from the drawbacks mentioned above and would thus facilitate the measure- 
ment of diffusion rates with the Tiselius apparatus. The arrangement here 


*Du Pont Fellow, Polytechnic Institute of Brooklyn, 19456. 
t Mattiello Fellow, Polytechnic Institute of Brooklyn, 194546. 
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proposed permits one to conduct, simultaneously, electrophoresis and . 
diffusion experiments with the same optical equipment. Bw 








Fig. 1. Diffusion cell of modified design, drawn to scale. 1, safety tube on ob- the | 
servation chamber; 2, stop-cock on tube 1; 8, observation chamber; 4, 2-way stop- 

$e chan 

cock; 5, wide capillary tube; 6, narrow capillary tube; 7, bracket of cell holder; 8, ti 

reservoir for solution; 9, safety tube on reservoir 8. ime 





Construction’ and Operation Kod: 


Like the original Lamm cell (6) the present model is made of glass, but (Gen 
the chamber of observation, instead of being cylindrical, is a channel of “a 
rectangular cross-section resembling a Tiselius electrophoresis cell. A 
drawing of the cell' is shown in Fig. 1. The two sides of the channel reap 


* The cell may be obtained from the Pyrocell Manufacturing Company, 207 East elect; 
S4th Street, New York 28. side « 
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perpendicular to the beam of light are optical flats made of Pyrex glass 
and are sinter-fused onto the main assembly. The distance between these 
flats, i.e. the optical depth of the cell, is 2.70 em., and is the length a re- 
ferred to in discussions of methods based on refractive index (6, 8, 10, 11). 
This length has been chosen to meet the requirements of the optical theory 
and yet to allow for precision measurements of the deviations of light due 
to refractive index gradients in the cell. A 2-way stop-cock, located below 
the chamber of observation, connects it with the reservoir or with the 
outside. The reservoir has a constriction, made of a short length of 1 mm. 
capillary tubing, in order to control the rate of flow of solution into the 
optical chamber, as will be discussed below. The essential dimensions of 
the cell are indicated in Fig. 1. 

The stop-cock and ground glass joints are lightly greased with Apiezon M 
for the use with aqueous solutions or with Dow-Corning Silicone lubricant 
for alcohol or acetone solutions. Materials of the type of Carbowax may 
be useful in work with other solvents. 

The cell is mounted on a suitable metal stand which fits without play in 
the thermostat of the Tiselius apparatus. The 2-way stop-cock may be 
manipulated under water without disturbing the apparatus with the aid of 
a long prong. 

The reservoir, including the bore in the 2-way stop-cock, is filled with 
solution, and the optical channel is one-third filled with solvent, all air 
bubbles being eliminated. After the liquids have come to temperature 
equilibrium in the thermostat (regulated to +0.05°), one carefully opens 
the stop-cock connecting the two limbs, creating a sharp, undisturbed 
boundary between the solvent and solution. This boundary is moved 
under hydrostatic pressure of the solution into the middle of the optical 
chamber, whereupon the stop-cock is closed. This boundary motion, 
called “leveling,’’ is important to a successful experiment and will be 
briefly discussed below. After leveling is completed, the stop-cock above 
the optical limb is also closed, and the diffusion proceeds in the isolated 
chamber. The refractive index gradients in the cell are recorded at suitable 
time intervals with the schlieren scanning technique (5), with high contrast 
plates or film, such as the Contrast Process Ortho plates of the Eastman 
Kodak Company. These plates have a high sensitivity to blue light and 
are used when the unfiltered radiation of a mercury high pressure lamp 
(General Electric H-4) is employed for illumination. 

In order to accomodate electrophoresis and diffusion experiments simul- 
taneously in the Tiselius assembly, the diffusion cell is mounted so that 
the channel of observation lies between the two channels of the standard 
electrophoresis cell. The other limb of the diffusion cell will then lie out- 
side of the range of observation and will not interfere. A mask with suit- 











324 DIFFUSION CELL FOR TISELIUS APPARATUS 


able slots is fastened onto the schlieren lens on the rear of the thermostat, 
and either the diffusion or electrophoresis cell is observed and scanned, 
after the other slots have been blocked. 


Determination of Diffusion Constants 


The calculation of diffusion constants is thoroughly discussed in other 
papers (2, 3, 6) and will not be detailed here. The Longsworth scanning 
technique yields directly dn/dz; i.e., the refractive index gradient, as a 
function of vertical distance, x (x = 0 at the boundary between solvent and 
solution) in the cell. In most dilute solutions the refractive index of the 
solution is proportional to the concentration of the solute, and these curves 
are then plots of the concentration gradient dc/dxr at x versus x. These 
curves may be enlarged and evaluated by any of the standard methods, 
The two most commonly used are the so called area-maximum ordinate 
and the second moment methods (2, 6). The latter is the more useful, 
since Gralén (12) has shown that the diffusion constant so calculated 
is a weight average constant both when the solute is polymolecular and when 
the solute is unimolecular with a diffusion constant that is concentration- 
dependent. The second moment method is more laborious than the area- 
maximum ordinate method, but may be greatly facilitated by the use of a 
mechanical integrator? which yields directly the area as well as the first 
and second moments of the curves. 

The calculation of the diffusion constant rests on the assumption that 
diffusion has proceeded undisturbed from the time the boundary is formed 
by opening the stop-cock (zero time). Longsworth (8) has indicated a 
criterion for undisturbed normal diffusion; one plots, for a series of curves, 
1/H?, against t, where H,, is the maximum ordinate of the curve and ¢ the 
time from the opening of the stop-cock, and then extrapolates to 1/Hn = 
0, which should normally be at zero time. In Fig. 2 are plotted results 
of two experiments on a 1 per cent solution of mannitol in water, which 
show a displacement of the zero time of around 5000 seconds. This 
indicates slight disturbances of the boundary during leveling, which re- 
quired 51 and 9 minutes for Experiments D-63 and D-60-B respectively. 

In order to calculate the diffusion constant by the area-maximum or- 
dinate method, Equation 1 may be used. 


A? 


4xt(H,,)? 


Da 


Here A is the area and H,, the maximum ordinate of the diffusion curve, 
corrected for magnification, and ¢ is the time of diffusion corresponding to 


? Obtainable from A. T. Amsler, Schaffhouse, Switzerland. 
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the curve under analysis. The time values used in the calculations were 


| corrected for the displacement of the zero time as indicated above. 


Lamm has shown that one can eliminate the use of the zero time with the 
second moment method, the equation for which is 
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Fic. 2. A plot according to Longsworth to determine the displacement of the zero 
time of diffusion due to leveling disturbances, for two experiments on a 1.1 per cent 
solution of mannitol in water. 


where ¢ is the standard deviation of the curve at time ¢. Since it is also 
true that 


2 2 

ox — ON 
Dy = = 3 
. 2(tx — ty) @) 


where K and N represent two curves of the same experiment, recorded at 
times tx and ty respectively, the exact zero time of the diffusion need not 
be known: one has only to measure the standard deviations of the several 
exposures and then apply Equation 3. 


Results 


Experiments on mannitol in water at 1.0°, on bovine serum albumin in 
phosphate buffer at 1.0°, and on bromoform in acetone at 20.0° were per- 
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formed with the cell just described by means of Longsworth’s design of the 
Tiselius apparatus (10). 
The data are summarized in Tables I to IV, and the diffusion curves 


TaBLeE I 
Mannitol, 1.1 Per Cent in Water; Experiment D-60-B 
























































a | | Normalized Di? X 10 
ead a rr rere 
| moment | moment | moment | Area 
sec. sq.in. | cm. | om. | sq.ém. | sq. in. | 
1 | 19,320 | 8.87 | 15.34 | 0.012 | 0.344 | 0.344 3.39 
Il | 27,720 | 8.87 | 13.39 | 0.021 | 0.421 | 0.421 2.16 | 3.28 
TIT | 36,240 | 8.74 | 11.85 | 0.019 | 0.541 | 0.541 | 2.75 | 3.8 
IV | 40,680 | 8.71 | 11.23 | 0.153 | 0.603 | 0.580 | 2.61 | 3.23 
V | 44,940 | 8.76 | 10.75 | 0.062 | 0.632 | 0.628 | 2.61 3.25 
vi | 51,060 | 8.90 | 10.29 | 0.047 | 0.733 | 0.731 | 2.88 | 3.28 
VII | 85,380 | 8.71 | 7.95 | 0.030 | 1.140 | 1.139 | 2.84 3.23 
I a Oia ict teaaca tu, 6c p lecw Sw Rh acer Fatonewa hae .| 2.74 3.25 
| +0.10 | +0.0 
Over-all magnification factor = 3.70. 
TaB_e II 
Mannitol, 1.1 Per Cent in Water; Experiment D-63 
Normalized | Di° X 108 
E Diffusi Maxi 
ra | on Re? 
| moment | moment | moment | Area 
sec. | sq. in. cm |i. sq.in. | sq. in. | | 
I | 21,720 | 8.74 | 14.53 | 0.000 | 0.324 | 0.324 | 3.15 
II | 67,200 | 8.67 | 9.05 | 0.017 | 0.863 | 0.863 | 2.79 | 3.02 
III | 75,660 | 8.64 | 8.55 | 0.182 | 0.956 | 0.923 | 2.61 | 3.01 
IV | 81,080 | 8.72 | 8.25 | 0.115 | 1.032 | 1.019 | 2.75 | 3.09 
V | 90,840 | 8.69 7.90 | 0.091 | 1.130 | 1.122 2.71 3.01 
SR i lade Ge sea cad (slats eRe em eambade tte aiieees 2.72 | 3.06 


+0.06 | +0.05 





Over-all magnification factor = 3.71. 


recorded in the course of a mannitol and a serum albumin experiment are 
reproduced in Figs. 3 and 4. 

It is to be noted that the areas under the curves in a given experiment 
are the same, within the experimental error, as is required of a valid 
measurement. 
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The experimental materials were prepared as follows: 


Mannitol—A sample of colorless, technical mannitol was recrystallized 
twice from distilled water; the melting point was 165.5-166.0°. 


TaBLe III 


Bovine Serum Albumin, 1.0 Per Cent in Phosphate Buffer* (Ionic Strength 0.2; pH 7.3); 
Experiment D-61 
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pone No.| Paso | are —_—— e | Wom 
lstmoment | 2nd moment 
—_— sec. Sq. in. in. Sq. in. Sq. in. 
I 105 ,560 9.00 0.033 0.198 0.197 
II 145 , 700 8.96 0.035 0.234 0.233 
ll 236 ,180 8.88 0.072 0.356 0.355 3.18 
IV 259 ,520 8.93 0.073 0.385 0.384 3.19 
V 346 ,400 8.88 0.055 0.477 0.476 3.06 
VI 404 ,000 9.00 0.039 0.552 0.551 3.12 
VII 427 ,500 8.74 0.280 0.565 0.564 3.00 
VIII 489 ,000 8.72 0.028 0.634 0.633 2.99 
IX 515 ,820 8.71 0.086 0.670 0.669 3.03 
NG ies ssx6-rpw.b dip 4.5 wha avis be aaraleaie + relia SER ae SARI We mR 3.08 
+0.07 





Over-all magnification factor 
* Composition of buffer, secondary sodium phosphate 0.072 M; primary sodium 
phosphate 0.011 mM; total phosphate concentration 0.083 m. 


3.50. 




















TABLE IV 
Bromoform, 1.0 Per Cent in Acetone; Experiment D-45 
ea Normalized ‘ 
Exposure No. | —— Area : | o os #3 
| Ist moment | 2nd moment | 

sec. sq. in. in. sq. im. sq. im. 

I 1860 14.88 0.462 0.698 0.485 
II 3730 14.60 0.104 0.829 0.818 2.51 
Ill 4890 15.04 0.247 1.186 1.125 2.98 
IV 6100 14.90 0.679 1.772 1.311 2.75 
V 7000 14.82 0.337 1.634 1.521 2.84 
VI 7910 14.58 0.263 1.693 1.624 2.65 
VII 8820 15.02 0.152 1.965 1.942 2.95 
ne eee eer te me ee eee 2.78 
+0.14 





Bovine Serum Albumin—This protein is available in crystalline form from 
We found the albumin to be electro- 


Amour and Company, Chicago. 
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phoretically and ultracentrifugally homogeneous. It was dissolved jp 
phosphate buffer of pH 7.3 and ionic strength 0.2. 

Bromoform—U. 8. P. bromoform was dissolved in acetone. This grade 
of bromoform contains 4 per cent ethyl alcohol by weight. Since, however, 
the refractive index increment of alcohol over acetone is very small (0.003), 
while that of bromoform over acetone is quite large (0.239), the alcohol 
concentration is optically negligible. Later experiments with purified 
bromoform (13) melting at 7.7° showed no significant difference. 


AAA A 


19,320 SEC. 27,720 SEC. 40,680 SEC. 51060 SEC. 





Fic. 3. Series of curves recorded during diffusion of mannitol in water (1.1 per 
cent) with the schlieren scanning method. The time values indicated are those 
computed from the time the boundary was first formed (Experiment D-60-B). 


dLhaa 


105560 SEC. 236,180 SEC. 346400 SEC. 489,000 SEC. 





Fic. 4. Series of curves recorded during diffusion of bovine serum albumin in 
phosphate buffer (1.0 per cent) (Experiment D-61). 


From the mannitol experiments both D4 and Dy were calculated. For 
a single molecular weight solute whose diffusion constant in the solvent is 
independent of the concentration, D4 and Dy should be the same. The 
zero time correction was used in Equation 1 as discussed above, and 
Equation 3 was employed with the first exposure as the reference exposure 
N. It appears that, while the precision measures of both D, and Dyin 
the mannitol experiments are small, the constants do not agree very well. 
This is attributable to leveling disturbances which affect the area method 
more than the second moment calculation, since the zero time is eliminated 
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in the latter technique and only the time interval between two exposures 
is important. 

The results may be compared with those obtained by Oholm as well as 
Scheffer with an analytical technique ((14) p. 71). At a concentration 
of 5.5 per cent, one obtains from his results at different temperatures by 
interpolation D = 2.7 + 0.2 X 10~* sq. cm. per second for 1°. Assuming 
there is no significant concentration dependence of D for a solute of such 
low molecular weight, the agreement with the present value of 2.73 * 10-* 
js satisfactory in the case of Dy, while for D4 we found 3.16 « 10-. 

The diffusion constant for bovine serum albumin in pure water as solvent, 
at 20.0°, may be derived from the experimental value for Dy, obtained in 
phosphate buffer at 1°, by the standard temperature correction (2), which 
is valid within experimental error for protein solutions. This is given by 
nm? T° Nutter 


Dow = — = 
no? T° Ww 





dD, ° buffer 


D1 yy = (1.71) (1.07) (1.06) (3.1 X 10-7) = 6.0 X 10-7 sq. cm. per sec. (4) 


This agrees with the value of 6.1 X 10-7 of Oncley for human serum albumin 
(of. Cohn et al. (15)), and with the value for horse serum albumin of 6.1 X 
10~* cited by Svedberg and Pedersen (4). 

For bromoform in acetone at 20°, our value of 2.78 K 10-° for Dy com- 
pares with Oholm’s 2.7 + 0.2 X 10- ((14) p. 73) at a concentration of 
6.3 per cent. 


SUMMARY 


A diffusion cell, for use in the standard Tiselius electrophoresis apparatus, 
has been designed. It represents a modification of the cylindrical diffusion 
cell developed in Svedberg’s laboratory. The cylindrical observation 
chamber is replaced by a sinter-fused channel of rectangular cross-section 
equipped with plane-parallel windows of high optical quality. The dif- 
fusion boundary is established by a leveling procedure rather than by the 
shearing technique employed in the standard Tiselius cell. 

The operation of the cell and the calculation of diffusion constants are 
described. 

Determinations performed on aqueous solutions of bovine serum albumin 
and of mannitol and on solutions of bromoform in acetone yielded results 
which are in satisfactory agreement with values reported by other workers, 
indicating the usefulness of the instrument and the validity of the experi- 
mental procedure employed. 


It is a pleasure to acknowledge the cooperation of Mr. John Bee of the 
Macalaster Bicknell Company, New Haven, Connecticut, of Mr. J. H. 
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Daniel of the Klett Manufacturing Company, Inc., New York, and espe. 
cially of Mr. E. Maier of the Pyrocell Manufacturing Company, New 
York, in the construction of the diffusion cell. 
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New | ON THE DETERMINATION OF TRYPTOPHANE 


By J. D. HAUSCHILDT, T. L. ISAACS, ann W. B. WALLACE 


(From the Research Division, Cutter Laboratories, Berkeley, California) 
(Received for publication, September 24, 1946) 


The method originally proposed by Nicols and Eckert (1) for the deter- 

mination of tryptophane has been elaborated by Eckert (2) and used by 
Kratzer (3) and Brown (4) to determine the tryptophane content of some 
feedstuff and peanut proteins respectively. The method appeared so 
simple and easy to use that it was considered worth while to investigate 
further its accuracy and compare results with those obtained by other 
methods. Accordingly the method of Shaw and McFarlane (5) was 
chosen, since it is reliable and has been repeatedly examined. Block and 
Bolling (6) list it as a preferred procedure. Comparison was also made 
New | with the microbiological assay by the procedure set forth by McMahan 
and Snell (7) with certain modifications which will be described. 
a Six proteins, human serum y-globulin,! human serum albumin,! GBI 
(General Biochemicals, Inc.) vitamin-free casein, erystabline casein,’ crys- 
talline egg albumin,? and crystalline bovine serum albumin,’ were analyzed 
for tryptophane by all three of the above methods. These proteins, with 
the exception of GBI vitamin-free casein, were all of high purity and were 
chosen for purposes of comparison with the results of other investigators 
and because they represent a considerable range of tryptophane content. 


1942). 








EXPERIMENTAL 


Solution and Hydrolysis of Samples—For determination of tryptophane 
by the Eckert method, 100 to 300 mg. of each protein were hydrolyzed in 
sealed tubes for 6 hours at 15 pounds pressure with 5 ml. of 5 N sodium 
hydroxide. The resulting solutions were neutralized to pH 7, filtered, and 
enough extra hydrochloric acid added so that, after dilution for analysis, 
the solution was 1.2 n in hydrochloric acid. This was found to be im- 
portant, since less acid gave erratic results. 

Samples for the microbiological assays were similarly treated except that 
no excess of hydrochloric acid was added after neutralization topH7. In 
the calculation of results, racemization was assumed to be complete and the 

‘Prepared by the alcohol fractionation method of Cohn et al. (8). 

* We wish to thank Dr. Harold Olcott of the Western Regional Research Labora- 
tory, Albany, California, for generous supplies of these two highly purified proteins. 

*We wish to thank Dr. John Glynn and Dr. James Lesh of the Armour Labora- 
tories, Chicago, for this recrystallized material of high purity. 
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microorganisms were assumed to be incapable of utilizing the unnatural 
form of tryptophane. This is in accordance with the work of Greene ang 
Black (9) and Stokes and Gunness (10). 

For the glyoxylic acid method of Shaw and McFarlane, 100 to 300 mg. 
samples were merely dissolved in 5 ml. of 20 per cent sodium hydroxide. 
Suitably diluted aliquots were analyzed. No difficulty was experienced jp 
thus dissolving any of the proteins analyzed by this method. 

Nitrogen Determination—Total nitrogen was determined by digestion 
with a NaSeO.-CuSO,-H.SO,-NaS8O,; mixture and distilled in Kirk’s (1) 
apparatus.‘ All determinations were done in triplicate and nitrogen was 
calculated on a dry basis. 

Reading of Results—Colors developed by the chemical methods were read 
on the Coleman model 11 spectrophotometer, and bacterial growth was 
determined turbidimetrically by the same instrument when the micro 
biological assay was used. 


Eckert Method 


Although an absorption spectrum of the colored compound showed a 
maximum at 530 mu, readings were all taken at 560 mu because the stand- 
ard series read at the latter wave-length gave a straighter and more re 
producible line when plotted on semilogarithmic paper. Diazotization for 
twice the minimal time of 30 minutes gave a steeper slope on the standard 
curve and allowed greater accuracy in interpolation of values for the u- 
knowns. The usual range of the standard series was from 0 to 40 7 af 


tryptophane. With quantities greater than 50 y, the colors became quite | 


dark and were usually impractical for use. 
Recovery of Added Tryptophane—Several experiments were performed to 


test the recovery of a known amount of tryptophane from a hydrolyzed | 


sample. Pure tryptophane was added to samples of GBI casein and gelatin 
respectively and hydrolyzed as described above. Aliquots were analyzed 
for total tryptophane content. The tryptophane left after subtraction of 
the amount originally present in the protein was taken as recovered. In 
some cases, tryptophane was hydrolyzed alone with 5 nN sodium hydroxide 
to determine whether it was destroyed to any extent when no protein was 
present. The results of recovery experiments, which are shown in Table], 
indicate that tryptophane is not destroyed by the action of heat and strong 
alkali under the conditions used. Recoveries from solutions containing 
casein are good. 

The failure to get good recovery of tryptophane from hydrolyzed solu- 
tions of gelatin casts doubt on the reliability of the method. We have 10 
ready explanation for the poor recoveries, since it is quite improbable that 


‘ Made by the Microchemical Specialties Company, Berkeley, California. 
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any of the substances listed by Eckert as causing interference with the 
proper development of color would be present in a solution of hydrolyzed 


TaBLe I 
Recovery of Tryptophane from Sodium Hydroxide Hydrolysates; Eckert’s Method 


——— a 


















































Tryptophane Total tryptophane 
Protein present ee en ANI ne AO) RS Recovery 
In protein Added Present Recovered 
7. meg. 7 Y Y Y per cent 
Casein 2.11 23.5 23.5 
- 2.81 32.5 32.5 
20 20 20 100 
30 30 30 100 
40 40 41 102.5 
“ 0.702 7.9 30 37.9 36.5 96 
- 0.936 10 10) 50 50 99 
a 1.405 8 24 39.8 40 100 
“ 1.872 21 32 53 51.5 | 97 
Gelatin 0.5 0 10 10 7 70 
“ 1.0 0 20 20 16 80 
“i 1.5 0 30 30 24 80 
sd 2.0 0 40 40 30 75 
“ 2.25 0 30 30 26 86 
” 3.0 0 40 40 32 80 
“ 40 | O 40 40 | 32 80 
Tas_e II 
Tryptophane in Human Serum y-Globulin; Eckert’s Method 
Tryptophane 
Amount of y-globulin*® sisal — 
Found | Content 
mg. 7 per cent 
0.355 | 8.0 | 2.25 
0.355 8.0 2.25 
0.710 16.5 2.32 
0.710 16.0 2.26 
1.065 25 2.35 
1.065 25 2.35 
1.420 31.5 2.22 
1.420 32 2.25 
IN icin dd arans's Oe «wen Wiekiach SADA HRN O's COS CRRA Ae 2.28 





* Calculated on a dry ash-free basis. 


gelatin. In the matter of reproducibility of results the method appears 
excellent. At least eight analyses were performed on each protein. A 
typical series of results is shown in Table II. 
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It has been found necessary to plot the standard curve for each deter. 
mination. 


Shaw-McFarlane Method 


An absorption spectrum of the color showed a maximum at 560 my, 
This wave-length was used throughout, except in tests for interfering colors 
as directed by the authors of the method. 

Analytical grade sulfuric acid was used without being distilled. No 
brown interfering colors were noted and samples checked with their respec- 
tive curves when read at 520, 540, and 560 my. In agreement with the origi- 
nators of the method, it was found that intense cooling of the tubes during 
the addition of sulfuric acid was unnecessary. Tests were made (a) by 
cooling in an ice bath and (b) by cooling in a dry ice-alcohol bath. No 

















Tas_e III 
Effect of Hydrolysis of Casein upon Tryptophane Recovery; Shaw-McFarlane Method* 
| Hydrolyzed tryptophane Unhydrolyzed tryptophane 
Weight of sample aeaiynnietiamdietann sulenegidatngictminiliatel 

Found Content Found Content 

me. Y per cent Y | per cent 

4.68 68.5 1.46 68.5 1.46 
7.02 99 1.41 95 1.35 

| 


* Results calculated on a dry ash-free basis. 


significant difference in results was observed. By the use of dry ice, it was 
possible to add all of the sulfuric acid at once without undue rise in tem- 
perature. 

Effect of Hydrolysis—It was considered of interest to compare results 
obtained with a hydrolyzed and non-hydrolyzed sample of the same mate- 
rial. Accordingly one sample of GBI casein was dissolved in 20 per cent 
sodium hydroxide and another was hydrolyzed as described above for the 
Eckert method. The data in Table III show no difference in tryptophane 
content of the two samples. Shaw and McFarlane report a 10 per cent 
loss of tryptophane upon sodium hydroxide hydrolysis. Difficulty was 
experienced with unhydrolyzed samples of human serum albumin. Solu- 
tion was rapid but, upon addition of the sulfuric acid, a dense turbidity 
appeared which made the samples unsuitable for reading in a colorimeter. 
This trouble was not encountered with any of the other proteins tested. 

In carrying out the determination, all standards and unknowns wer 
analyzed in triplicate and in each complete determination at least two levels 
of unknown were used. The net result for each determination was thus a 
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average of the calculated value for at least six individual aliquots. Table 
IV gives the average of at least three such complete determinations with 
standard errors. 


Microbiological Assay 


The medium used was essentially that described by McMahan and Snell 
(7). The necessary variation was included of removing tryptophane from 
the basal medium and adding it as a supplement in graded amounts. Hy- 
droxyproline was omitted. Folic acid was added to the basal medium at 
the rate of 0.08 mg. per 80 assay tubes. Pure /(—)-tryptophane (East- 


TaBLeE IV 


Tryptophane Content* of Several Proteins As Determined by Eckert Method, Shaw- 
McFarlane Method, and Microbiological Assay 





| 











. | Nitro- Shaw-McFarlane | Microbiological Other 
Protein re | Eckert methodt method neat a .. an 
on eS " 
| per cent) per cent per cent per cent | per cent 
GBI vitamin-free | 15.5 | 1.104 0.01 1.38 + 0.02 | 1.45 + 0.04 | 
casein 


1.56 + 0.02 | 
1.39 + 0.03 | 1.4 (12), 


_ 


Cayatalline-casein | 15.6 | 1.31 + 0.01 | 1.51 + 0.03 
ws eggal- | 15.8 | 1.27 + 0.01 | 1.46+ 0.01 


bumin | | | 1.2 (18), 
| | | 1.5 (14) 
Crystalline bovine | 16.3 | 0.50+0 | 0.65 40.01 | 0.68 + 0.02 | 0.58 (15) 


serum albumin | 


Human serum al- | 16.1 | 0.30 + 0.02 0.36 + 0.02 | 0.19 (15) 
bumint | | 
Human serum | 15.9 | 2.274 0.01 2.86 + 0.02 | 2.95 + 0.04 | 2.86 (15) 


y-globulin§ | 








* Calculated on a dry ash-free basis. 

+t Mean + standard error. 

t Contains 1.2 per cent globulin. 

§ No detectable impurity by electrophoretic analysis. 


man) was used as a reference standard and the usual growth curve was in 
the range of 0 to 1.2 y. Aliquots of samples were selected so as to bring 
the quantity of tryptophane present into the range of the standard curve. 

Fresh cultures of Lactobacillus arabinosus were used for the inoculum. 
Bacterial growth in samples was determined turbidimetrically at 540 mp 
alter 3 days incubation at 37°, followed by dilution with 4 ml. of water. 
According to one of the criteria set forth by Snell (16) as necessary for 
establishing reliability of an assay, all standards and unknowns were de- 
termined in triplicate and an analysis was not considered satisfactory unless 
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there was good agreement among the calculations for tryptophane content 
at several levels of unknown. All of the values given in Table IV for the 
microbiological assay of the proteins tested are the average of at least three 
complete determinations and the value for each determination in turn was 
the average of the results calculated from at least five levels of unknown, 


DISCUSSION 


A comparison of three methods for the analysis of tryptophane in pro- 
teins shows certain factors in favor of each. 

The method of Eckert gives lower results than either of the other two, 
Recovery of tryptophane added to gelatin and then hydrolyzed is poor, 
whereas recovery from casein hydrolysates is excellent. It would thus 
seem that, before the method could be used on any new protein, recovery 
experiments should be done. From the standpoint of reproducibility, the 
method is good. No interfering colors develop in the analysis of protein 
hydrolysates. A fairly small sample can be used for analysis, which is of 
advantage in the investigation of rare proteins. The determination may 
be recommended for its simplicity and rapidity. 

The Shaw-McFarlane method gives results which are in good agreement 
with those of other investigators (see Table IV) and seems to be very de- 
pendable. A point in its favor is the fact that hydrolysis of the sample is 
not usually necessary. This shortens the time of analysis considerably. 
It is possible that there are other proteins besides human serum albumin, 
however, which cannot be assayed by this method without hydrolysis be- 


cause of turbidity formed upon the addition of sulfuric acid. Carrying | 
out an analysis in strong acid is a point of inconvenience to an analyst, but ' 


not one of great importance. 

The microbiological assay gives results which compare both in accuracy 
and magnitude to the glyoxylic acid determination. It is more specific but 
more time-consuming than the chemical methods. Its greatest advantage 
is that it requires such minute amounts of material for analysis. 


SUMMARY 


The tryptophane content of several pure, or nearly pure, proteins ands | 
commercial casein has been determined by two different colorimetnt 
methods and by microbiological assay. Good agreement was found be 
tween results obtained by the glyoxylic acid method of Shaw and McFar- 
lane and the microbiological assay technique with Lactobacillus arabinosw 
as the test organism. The N-(1-naphthyl)ethylenediamine reagent d 
Eckert yields very consistent and reproducible but somewhat low results 


in comparison. 
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FURTHER OBSERVATIONS ON THE SUCCINIC DEHYDROGEN- 
ASE SYSTEM AND THE EFFECTS OF TOCOPHEROL ESTERS* 


By DANIEL H. BASINSKI ann J. P. HUMMEL 
(From the Biochemical Laboratory, State University of Iowa, Iowa City) 


(Received for publication, October 28, 1946) 


In a previous paper from this laboratory Houchin (1) reported an 
increased succinic dehydrogenase activity of skeletal muscle in nutritional 


| muscular dystrophy, and its depression to normal by the in vitro addition 


of a-tocopherol phosphate. Because of the fundamental importance of 
this claim in explaining the increased respiration of dystrophic muscle 
and the renewed interest in vitamin E, an extension of this work was 
undertaken with carefully controlled diets and intensive precautions in 
making the enzyme preparations. It soon became apparent that the new 
findings were not strictly in accord with previous results, and that succinic 
dehydrogenase activity was affected by factors other than the tocopherol 
deficiency. Indeed, within the limits of error of the technique, the succinic 
dehydrogenase system appears not to be directly involved in nutritional 


muscular dystrophy. 
EXPERIMENTAL 


Weanling hamsters weighing 20 to 30 gm. were placed on the commonly 
used dystrophy-producing diet containing the following ingredients: 
starch 36, casein 15, glucose 10, yeast 10, lard 3, cod liver oil 3, salt mixture 
(2) 3, and cellophane 20 per cent. On this diet dystrophy usually appeared 
within 3 weeks; those animals which did not succumb in this time showed 
no ill effects when they were continued on this diet for 3 to 4 months. 

The principal criteria for judging the dystrophic condition were sudden 
muscular incodrdination, irritability, loss of weight, and often paralysis. 
The symptoms of the deficiency differed from those described by Hamilton 
and Hogan (3) in that the time from the onset of the symptoms until 
death was often as much as 3 days, and in that there appeared to be no 
definite pattern in which the symptoms developed. We noted a brownish 
pigmentation of the urine just preceding death. Control animals were 
chosen from litter mates of the deficient animals and were maintained on 
the same diet but with the oral administration of 7.5 mg. of a-tocopherol 
acetate’ every 4 days. A third group was chosen from litter mates of 
the same animals and maintained on a stock diet (Purina dog chow). 

*Aided by a grant from the John and Mary R. Markle Foundation. 

‘Kindly supplied by Hoffmann-La Roche, Inc., Nutley, New Jersey. 
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Thigh muscles from dystrophic, control, and stock hamsters were used. 
The animals were killed by a blow on the head, the tissues were removed, | 
quickly chilled in a dry dish on ice, and trimmed free of connective tissye | 
and fat. The muscles were minced in a chilled Seevers-Shideman mince 
(4), the mince was weighed and transferred to an ice-jacketed homo. 
genizer tube, diluted to a 10 per cent suspension with ice-cold distilled | 
water, and homogenized according to the procedure of Potter and 
Elvehjem (5). The procedure was carried out rapidly and the time elaps. | 
ing between removal of the tissue and connection of the Warburg manonm. 
eters to the bath never exceeded 15 minutes. 

The succinic dehydrogenase assay followed exactly the method 
Potter and Schneider (6). Cytochrome c was prepared according to the 
method of Keilin and Hartree (7), as modified by Potter (8), after which | 
it was lyophilized and stored at 0° until use. All cytochrome preparations | 
were tested to show saturation of the system, which was proved by failur 
of additional amounts to increase the oxygen uptake. 

Each vessel contained muscle homogenate (10 per cent) 0.5 ml., cyto 
chrome c (2 X 10-* m) 0.4 ml., sodium succinate (0.5 mM) 0.3 ml. (side 
bulb), phosphate buffer (0.1 m, pH 7.4) 0.5 ml., aluminum chloride (4 x 
10-* m) 0.3 ml., calcium chloride (4 X 10-* m) 0.3 ml., water 0.7 ml, 
sodium hydroxide (2 m) 0.2 ml. (center well). During the 15 minute 
equilibration period, manometers and flasks were flushed with oxygen 
for 5 minutes. Each test was done in triplicate at 38°, and the results | 
were calculated from the averages of the 15 and 20 minute readings; the 
Qo, values are in terms of c.mm. of O2 per mg. of dry weight of the muscle 
homogenate per hour. 

The data in Table I show no difference between the succinic dehydrn- | 
genase activities of control and dystrophic hamster muscle homogenates. 
The values and relative deviations here reported correspond closely to 
those obtained from rat muscle by Schneider and Potter (6), and they 
check well with those reported by Houchin for dystrophic muscle. Stock 
animals of the same age gave a somewhat higher activity. The difference 
may not be significant, but it recalls similar observations by Kaunits 
and Pappenheimer (9) on the oxygen uptake of muscle slices; normal 
nursling rats on stock diet and paralyzed animals from litters of vitamin 
E-deficient mothers gave similar figures which were higher than thos | 
from control animals from deficient mothers, but which had been given 
1 mg. of tocopherol acetate on the 15th day of life. | 

The influence of age upon the enzyme activity of muscle from stock 
animals is shown in Fig. 1. The succinic dehydrogenase activity is greatest | 
at the age when dystrophy is likely to occur and gradually declines # 
the animal reaches maturity. A fortuitous choice of control animals may 
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in part explain the very low values which Houchin reported for normal 
hamster muscle. It may also be significant that he used a calcium con- 
centration of 20 mg. per cent instead of 20 mg. per flask, as recommended by 
Schneider and Potter (6) for complete activation of the enzyme. Morgulis 
and Osheroff (10) reported a dramatic increase in calcium content of 
dystrophic muscle, probably sufficient if it was all ionized to give complete 
activation of the enzyme without added calcium, whereas in the case of 
the normal muscle the amount would be insufficient. 

There is probably no direct involvement of the succinic dehydrogenase 


TaBLeE I 
Succinic Dehydrogenase Activity in Normal and Dystrophic Muscle 





Qog succinic dehydrogenase 

















Condition® No. of animals 
| Average Standard deviation 
EE en sccdcennehieansewn 9 38.2 6.9 
EE ox soni o's warned. 8 38.5 9.5 
is Biss weieneane am eeeee 11 46.3 5.9 
* All animals were under 50 days old. 
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a | : - 
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Fig. 1. The influence of age of the animal on the succinic dehydrogenase activity 
of hamster muscle homogenates. 


system in nutritional muscular dystrophy. In obtaining the previous 
contrary data, the effect of age, diet, and perhaps other unsuspected 
factors conspired to present an apparently clear differentiation between 
diseased and normal muscle. 

a-Tocopherol, in contrast to a-tocopherol phosphate, had no effect on 
the succinic dehydrogenase system in dystrophic muscles (1), perhaps 
because of its insolubility even in the presence of surface active agents, 
perhaps because of a specific effect of the phosphorylated substance. 
d-e-Tocopherol phosphate and d-a-tocopherol succinate? were dissolved 


*Kindly supplied by Distillation Products, Inc., Rochester, New York. 
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in water with the aid of small additions of dilute bicarbonate, and adjusted 
to pH 7.4. Solutions of various concentrations replaced the water addition 
in the main chamber of the Warburg vessel. Fig. 2 shows the general 
similarity of the inhibition in dystrophic and normal muscle homogenates, 
Tocopherol succinate was slightly less inhibitory than tocopherol phos. 
phate. The calcium salt of dl-a-tocopherol succinate,’ which is very 
insoluble, when added as such to the medium, had no inhibiting effect 
whatsoever. The inhibitory action may thus depend more on the solu- 
bility of the tocopherol than on the ester group involved. For a tocopherol 
phosphate concentration of 1 mg. per flask, our per cent inhibition (74 per 
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Fic. 2. The inhibition of succinic dehydrogenase activity of normal and dystrophie 
hamster muscle homogenates by d-a-tocopherol phosphate and d-a-tocopherol 
succinate. Tocopherol phosphate, A normal, A dystrophic; tocopherol succinate, 


© normal, @ dystrophic. 
cent) agrees well with that reported by Govier, Bergmann, and Beyer (II) 
for normal rat muscle. 

The inhibition of the succinic system by tocopherol phosphate is apparent 
only at concentrations of substrate sufficient to saturate the enzyme, and 
is progressively greater as the substrate excess is increased. One possible 
explanation is that the locus of inhibition may not be at the succinic 
dehydrogenase stage but in some associated system which is normally in 
excess, such as cytochrome reductase. Indirect evidence of this is the 
demonstration by Govier et al. (12) that the lactic dehydrogenase system 


‘Kindly supplied by Merck and Company, Inc., Rahway, New Jersey. 
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of heart muscle is also inhibited by tocopherol phosphate within the same 
concentration range. This, however, does not preclude the possibility 
that soluble tocopherol esters may play an important réle as a natural 
governor system in keeping the succinic dehydrogenase under control. 
This effect of tocopherol esters may be non-specific or, more important, 
it may be lost by dilution in the homogenate technique. 


The authors are indebted to Dr. H. A. Mattill for valuable criticism 
in the preparation of this manuscript. 


SUMMARY 


The succinic dehydrogenase activity of dystrophic hamster muscle 
homogenate was found to be no different from that in normal muscle. 
Possible reasons for the values previously reported are discussed. 

In vitro additions of tocopherol phosphate and tocopherol succinate 
inhibited the succinic dehydrogenase of normal and dystrophic muscle 
to an equal degree. 

Succinic dehydrogenase activity of normal hamster muscle gradually 
decreased with advancing age of the animal. Diet was also found to 
have a possible influence on the activity. 

Some characteristics of the manner of inhibition by tocopherol are 


briefly discussed. 
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STUDIES ON ANTIBACTERIAL PROPERTIES OF 
IRRADIATED PYRIDOXAMINE 


By GREGORY SHWARTZMAN anv ALICE FISHER 


(From the Division of Bacteriology, Laboratories of the Mount Sinai Hospital, 
New York) 


(Received for publication, September 25, 1946) 


The studies embodied in the following paper relate to a new observation 
on antibacterial properties of irradiated pyridoxamine. 


EXPERIMENTAL 
Detection of Antibacterial Activity 


The antibacterial activity of irradiated pyridoxamine!' was detected and 
titrated as follows: The tests were made in the Gladstone basal medium. 
The composition, use of the medium for bacteriostatic studies, and tur- 
bidity measurements of growth were previously described in detail (1). 
Stock cultures of the test organism, Escherichia coli, strain 42 (1), were 
maintained by transplanting in the basal medium twice a week. 5 hour- 
old cultures in the same medium suitably diluted in saline served for 
inoculation. For testing, serial dilutions of irradiated pyridoxamine 
(termed below R-Pm) were added to the basal medium. The inoculum 
was added in the volume of 1 ml., the total volume in each tube being 
8 ml. Unless stated otherwise, the final concentration of organisms at 
zero hour was 0.75 X 10° cells per ml. The minimal concentration of the 
substance giving complete inhibition of growth following incubation 
at 37.5° for 24 hours was considered as 1 R-Pm unit. 


Relation of Irradiation to Antibacterial Activity of Pyridoxamine 


Absence of Antibacterial Activity in Non-Irradiated Solutions of Pyri- 
doxamine—Concentrated water solutions of pyridoxamine, sterilized by 


'The chemicals used for these studies were obtained from the following com- 
panies: pyridoxine dihydrochloride, pyridoxamine dihydrochloride, and pyridoxal 
hydrochloride from Merck and Company, Inc.; 8-alanine from the Eastman Kodak 
Company; d-lysine, nicotinamide, and p-aminobenzoic acid from General Biochemi- 
cals, Division of Wyeth, Incorporated; and /-lysine from Amino Acid Manufacturers. 
The names of manufacturers of the remaining compounds, including the casein acid 
hydrolysate, are given in a previous paper by the author (1). Pyridoxine, pyridox- 
amine, and pyridoxal solutions were sterilized by autoclaving at native pH in brown 
bottles and stored in the refrigerator. The methods of sterilization of all other 
solutions employed in the following studies were the same as those previously de- 
seribed (1). 
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autoclaving in a brown bottle and stored in a dark place, were diluted jn | 39 


veronal buffer ranging from pH 2.1 to 8.5 and tested for antibacterial 
activity in final concentrations of 10 to 250 y per ml. No antibacterial 
effect was detected in numerous tests with these solutions. The solutions 
below pH 7.0, however, became irregularly bacteriostatic on exposure to 
sunlight for a period of 2 hours or longer. 

Effectiveness of Light Filters—The light source employed for irradiation 
was a mercury vapor quartz lamp, 85 watts (Aminco Lablamp). Ultra. 
violet radiation below 320 mu was made available by removing the hard 
glass envelope. Corning light filters of the following characteristics were 
interposed between the lamp and the solution. Filter 4441, 2 mm. thick, 
allows transmission in the visible region 380 to 640 my with maximum 
transparency at 480 to 500 my; Filter 9863, 3 mm. thick, transmits ultra- 
violet light between 230 and 410 my, while absorbing all the visible light 
except for a trace of red and violet; Filter 5860, 5 mm. thick, transmits 
light in the region between 330 and 390 my with the maximum trans- 
mission at 360 my but no visible light; Filter 5970, 5 mm. thick, transmits 
freely at 300 to 500 my and 680 to 720 my, but little in the remaining portion 
of the visible region. 

Pyrex tubes and optical cells of dimensions and transmission characteris- 
tics described below Table I were used as containers. 

The distance between the lamp and the level of the fluid in the Pyrex 
tubes was 100 mm., while the height of the fluid column was 10 mm. The 
light was directed vertically through the filter into the open mouth of the 
tube. 

When optical cells were employed, the light was directed horizontally 
through the optically flat window. The distance between the lamp and the 
window was 250 mm. 

Solutions I to IV of Table I were among those which were irradiated by 
directing the light into the open mouth of the Pyrex tube. Although stray 
light may have entered the solutions, it was suggestive that light in the 
visible region was not responsible for antibacterial activity. Thus, 
radiation through Filter 4441, which transmitted only the visible light, 
conferred considerably less potency (Solution I) than radiation through 
Filters 5860 and 9863 which transmitted ultraviolet light (Solutions II 
and IV, respectively). Furthermore, comparison of the effect of Filters 
5860, 5970, and 9863 upon Solutions II, III, and IV, respectively, pointed 
to the fact that the greater the transmission in the region below 320 mau, the 
more effective was the filter. The possible effect of stray light was elimi- 
nated in the following experiment with optical cells. 

The transmission characteristics of the Pyrex cell and Filter 5970 used 





for irradiation of Solution V were such as to permit little radiation below | 
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390 mu. Conversely, Solution VI in the Corex cell irradiated through 


| Filter 9863 received ultraviolet and near ultraviolet radiation in the region 


255 to 410 my but little visible light. The antibacterial potency of Solution 


TABLE I 
Effect of Irradiation upon Antibacterial Activity of Pyridoxamine 














Anti- 
Pyridoxamine Trradiation — 
} | | Minimal 
Corn- | } concen- 
won —_ Diluent| pH | ater | Container | Veena Duration per ml 
| | sonido 
— per cent mil. Y 
I/ 1 | H,O | 2.1 4441 | Pyrex* | 3 21 hrs. 25 
II} 1 } * |2.1 | 5860 | - | 3 _— = 6 
III | 1 “ 12.1 | 5970| “ | 3 | = * 5 
IV} 1 r= 22 eC | 3 | mm 2 
Vii | V. bt} 2.1 | 5970) “ cellf | 10 | 24 “ 40 
VI}i | “ | 2.1 | 9863 | Corex * § | 10 | 24 “ 6 
VII | 1 - to | 9863 An. Corex 15.2 2 * 6.5 
| | cell | 
VIII | 1 ” 6.85 | 9863 | Corex cell§ | 10 | _ 125 
— I a et wy 3 
xX 0.02; “ | 2.1 | 9863 | Pyrex | 4 | Lhe. 7 
XI | 0.02 ae | 2.1 | 9863 - 4 2 hrs. 3 
XII | 0.02 “| 2.1 | 9863 re +4 | 2 * hoe. 2 
xm |o.02' “ |21 | 9863) « la | 3 « 4 
‘ 12.1 | 9863] “ 449 | 4 | 2“ 25 


XIV |} 0.02! ‘* 





* Pyrex tube measuring 10 X 50 mm. 

+ V. b., veronal buffer. When the diluent was water, the adjustments were made 
with HCl. 

t Pyrex cells with optically flat window 1 mm. thick. Transmission of radiation 
below 320 mu was negligible. The cells used were Aminco style D and had an outside 
diameter of 22 mm. 

§ Optically flat Corex glass windows 1 mm. thick. The percentage of transmis- 
sion in the ultraviolet and near ultraviolet was as follows: 91 per cent above 360 my, 
60 per cent at 293 my, 20 per cent at 275 mu, and 2 per cent at 255 my. 

| An. Corex cell, irradiation under anaerobic conditions in a Corex cell, as above. 

€ Solution in Pyrex tube immersed in an ice bath at 4° during irradiation. 


VI proved approximately 6.6 times greater than that of Solution V. It 
may be concluded, therefore, that the most effective radiation lies in the 
region below 320 mu. 

Relation of H Ion Concentration of Solutions to Effect of Irradiation— 
The H ion determinations were made with the aid of Coleman and Beckman 
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potentiometers. In early experiments, the desired pH of the solutions wag 
obtained by adjustments with hydrochloric acid and sodium hydroxide. 
The results were more consistent, however, when concentrated water 
solutions of pyridoxamine were diluted with suitable veronal buffers, 

As may be seen from Table I, little activity was obtained in Solution VJ] 
irradiated at pH 6.85, while Solution IX acquired considerable potency 
following identical irradiation at pH 2.1. Additional experiments not re. 
corded in Table I were carried out with 0.02 per cent solutions of pyri. 
doxamine at various pH levels. The results of the experiments under these 
conditions suggested strongly the existence of a critical relationship between 
the H ion concentration of the solutions and the effect of irradiation, 
pH 2.05 to 2.1 appeared optimum. Some reduction in activity was noted 
at pH 3.0 to 6.0. A significant decrease in potency was found at pH 
6.25. Solutions irradiated at pH 6.8, 7.2, and 8.2 showed slight or no 
activity. 

Optimum Duration of Irradiation—The effective duration of irradiation 
was related to the concentration of pyridoxamine. Markedly lower 
potency was obtained when a 1 per cent solution was exposed to radiation 
for periods shorter than 16 hours. 21 hours appeared optimum for the 
solution of this strength irradiated through Filter 9863 at pH 2.1 to 2.5. 
Exposures longer than 28 hours brought about deterioration of the potency 
acquired. With lower concentrations of the substance, brief periods of 
exposure proved effective. As may be noted from Table I, exposure for 
2 hours and 15 minutes was optimum for a 0.02 per cent solution (Solution 
XII versus Solutions X and XI), deterioration beginning to appear in 3 
hours (Solution XIII). 

Relation of Temperature of Solutions to Effect of Irradiation—All the 
irradiation experiments thus far described were carried out at room tempera- 
ture. The potency of Solution XIV, held at 4° for the entire period of 
irradiation, was significantly lower than that of the control Solution XI 
exposed at room temperature. The data, though incomplete, indicate that 
temperature is capable of influencing markedly the effect of irradiation. 
In view of the low temperature coefficient of photochemical reactions, the 
observation suggests that the resulting change may be a two-stage process, 
some additional thermal reaction occurring incidentally to the irradiation 
effect. 

Relation of Molecular Oxygen to Effect of Irradiation—Solution VII was 
irradiated under anaerobic conditions. The Corex cell was filled to the 
neck with the solution boiled in a steam bath and sealed immediately with 
vaseline. No gas bubbles were seen on hardening of the vaseline. Solu- 
tion VI served as control. In order to obtain a large surface area, only 
10 ml. of the solution were placed in the Corex cell. The solution was 
not boiled prior to the irradiation and there was no vaseline seal. The 
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two solutions were otherwise treated identically. Since there was observed 

little difference in the potency of the two solutions, it was concluded that 

antibacterial activity may be acquired in the absence of molecular oxygen. 

Thus it appeared that the activity was unrelated to possible formation of 
roxides. 

Tests for Peroxides—Active preparations of R-Pm were tested as follows: 

Permanganate titrations of 1 and 5 per cent solutions of R-Pm in the pres- 
ence of sulfuric acid gave negative results, indicating that the concentra- 
tion of hydrogen peroxide was below 5 X 10-* mole per liter. 

Freshly cut slices of potato were covered with 1 ml. of 2 per cent solution 
of p-phenylenediamine hydrochloride and 1 ml. of 1 and 5 per cent solutions 
of R-Pm. There occurred no change in color. Comparative titrations 
with known amounts of hydrogen peroxide demonstrated that the amount 
of peroxides possibly present in the test material was smaller than 6.5 
X 10-5 mole per liter. 

Washed rabbit red blood cells which contain catalase were suspended in a 
solution containing 40 units of R-Pm per ml. The suspension, containing 
5 per cent of cells, was incubated in a water bath at 37° for 1 hour. There 
occurred no bubbling and no change in color of the cells. The suspension 
was centrifuged and the clear supernatant solution was tested in the basal 
medium for activity against Escherichia coli. No loss in the initial potency 
of R-Pm was observed. 

Effect of Irradiation upon Substances Other Than Pyridoxamine—Con- 
centrated solutions of the compounds in distilled water were diluted in 
veronal buffer to give the desired pH and concentration and irradiated in 
Pyrex tubes in the volume of 3 ml. for a period of 21 hours. The light was 
directed vertically through Filter 9863 into the open mouth of the con- 
tainer. The concentration and pH of the solutions were as follows: 
veronal buffer, pH 2.1; pyridoxine, 10 mg., pH 2.1; pyridoxal, 10 mg., pH 
2.1; 4-desoxypyridoxine,? 10 mg., pH 2.1; nicotinamide, 10 mg., pH 2.2 
and 6.5; p-aminobenzoic acid, 2 mg., pH 2.2; thiamine, 10 mg., pH 3.05, 
5.6, and 6.85; riboflavin, 50 and 1 mg., pH 1.9, 5.6, and 9.1; and sodium 
sulfapyridine, 1 mg., pH 9.1. Non-irradiated solutions of pyridoxal and 
sulfapyridine gave complete inhibition of growth of Escherichia coli in the 
basal medium in concentrations of 125 and 1.25 y per ml., respectively. 
Irradiation failed to alter this activity. Non-irradiated pyridoxine had no 
antibacterial potency. Upon irradiation, 125 y per ml. gave inhibition of 
growth. The other substances had no antibacterial activity. 

Spectrophotometric Measurements of Irradiated and Non-Irradiated So- 


* Desoxypyridoxine prepared in the Research Laboratories of Merck and Com- 
pany, Inc., was obtained through the courtesy of Dr. B. S. Oppenheimer. The 
author is indebted to Dr. R. T. Major for permission to report on the work with this 
compound. 
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lutions of Bs Vitamins—1 per cent solutions of pyridoxamine, pyridoxine | and | 
and pyridoxal were sterilized by autoclaving and adjusted to the desired | com 
pH with hydrochloric acid or sodium hydroxide. Irradiation lasting 2] | deere 




















hours was carried out in the same manner as that of Solution IX (Table]), | AS 
The results of spectrophotometric measurements are recorded in Figs. 1 to3, brou 
ra 
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Fic. 1. The ultraviolet absorption measurements in the prominent lines of the 
mercury spectrum were made with the aid of a double quartz prism monochromator 


and a photocell and amplifier (Electrical Testing Laboratories, Inc.). 1 per cent 
solutions were measured in a quartz cell 0.07 mm. thick. The data represent the 
combined absorption of the cell and the solutions tested. Ordinate scale, EN% Ir 
the 
Studies by previous authors (2) clearly demonstrated that each of the three in tl 
compounds of vitamin Bs in acid solution (pH 2.1) exhibits a single ab- abs 
sorption maximum, pyridoxine at 292 mu and pyridoxal and pyridoxamine addi 
at 286 and 288 muy, respectively. The ‘‘acid’”’ band in each case is absent beer 
at pH 6.75 but two other maxima are found. In the case of pyridoxine sent 
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and 316 mu, and pyridoxamine at 250 and 325 my. At higher pH the 
compounds show increased absorption at the shorter wave-lengths and 
decreased absorption in the near ultraviolet. 

As may be seen from Fig. 1, irradiation of pyridoxamine at pH 6.87 
brought about a sharp decrease in the extinction coefficient in the near 
ultraviolet region and some flaring out of the band at shorter wave-lengths. 














0 P , - , : , , , 4 , , : 
240 250 260 270 280 290 300 310 320 330 340 30 360 37 
ZAIN mu 

Pyridoxamine ------—— Irradiated Pyridoxamine 





Fic. 2. See legend to Fig. 1 


Irradiation of pyridoxamine at pH 2.6 (Fig. 2) showed a marked fall in 
the extinction coefficient of the “‘acid” band. The increased transparency 
in this region was accompanied by the appearance of significantly greater 
absorption at 248 mu. A definite conclusion as to the exact position of the 
additional band is not justified, inasmuch as no measurements have yet 
been made at shorter wave-lengths. The band does not seem to repre- 
sent, however, an end-absorption, since the latter is found at wave-lengths 
shorter than 240 mu (2). 
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The substances were tested for antibacterial potency against Escherichiq | 
coli, strain 42, in the Gladstone medium. Pyridoxamine irradiated at pH 
2.6 showed antibacterial activity, 1 unit being equivalent to 2.3 y of the 
substance per ml. of the medium. The remaining solutions possessed no 
antibacterial activity. 
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Fic. 3. The extinction coefficient measurements in the visible region were made 
with the aid of a Hardy recording spectrophotometer (Electrical Testing Labora- 
tories, Inc.). 1 per cent solutions were measured in a quartz cell 1.00 mm. thick. 
The data represent the combined extinction coefficient of the cell and the solutions | 
tested. 


Upon irradiation, solutions of the substances turn yellow. The data of 
Fig. 3 demonstrate increased absorption in the visible spectrum following 
irradiation of the three compounds of vitamin Bs at various pH levels. 
The changes recorded, however, seemed to bear no obvious relation to 
antibacterial potency of the solutions. 


Certain Properties of R-Pm 


Effect of Heating—Preparations of pyridoxamine irradiated at pH 2.1 
retained their original potency when heated at this pH at 56° and in the 
Arnold sterilizer at 90° for 20 minutes. However, they lost completely 
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this activity when the pH was adjusted to 7.0 prior to heating. Further- 
more, the potency could not be restored on readjustment to pH 2.1 and 
repeated irradiation under suitable conditions. 

Effect of Filtration—Preparations of pyridoxamine irradiated at pH 2.1 
retained their potency upon filtration through Seitz and Mandler No. 8 
filters. When the solutions were adjusted to pH 7.0 prior to filtration, there 
occurred no loss in activity upon filtration through the Seitz filter. All 
potency was lost following filtration through the Mandler filter at pH 7.0. 


Antagonistic Effect of Amino Acids upon R-Pm 


In preliminary experiments there was demonstrated an antagonistic 
effect of casein acid hydrolysate upon the antibacterial activity of R-Pm. 


























TaB.e II 
Antagonistic Effect of Amino Acids Expressed in Molar Ratio of Amino Acids 
to R-Pm 
Group I. 50 per cent antagonism Group IT. 5-20 per cent antagonism Group III. No antagonism 
Amino acid — Amino acid | — Amino acid — 
d-Glutamic acid 24.5:1  dl-Tryptophane | 90:1 | dl-Threonine | 150:1 
Glycine 58:1 l-Arginine 100:1 | dl-Lysine | 180:1 
1-Glutamiec acid 65:1 l-Tyrosine | 105:1 | dl-Alanine | 220:1 
d-Arginine 100:1  dl-Methionine | 120:1 | 8-Alanine | 220:1 
|-Hydroxyproline 110:1 | dl-Phenylalanine 135:1 | 
dl-Isoleucine 110:1 | dl-Leucine | 140:1 | 
l-Histidine 120:1 | dl-Valine | 15521 | 
l-Aspartic acid 135:1 | 


l-Asparagine | 135:1 








The observation suggested the following investigation on the effect of 
individual amino acids. 

A number of trial experiments indicated that the comparative study could 
be best made by serial titrations in which the concentration of the acids was 
6257 and the concentrations of R-Pm were 25, 12.5,and6.25y per ml. With 
a few exceptions, at the concentration just mentioned, the amino acids 
were freely soluble in water and showed no antibacterial effect by them- 
selves. The amounts of the preparation of R-Pm employed for the ti- 
trations were equivalent to 8, 4, and 2 antibacterial units, respectively. 
The use of a smaller number of antibacterial units seemed inadvisable in 
experiments on the antagonistic effect of the substances. 

As may be seen from Table II, the observed antagonism was expressed 
in terms of ratios of molar concentration of the amino acids to the highest 
molar concentration of R-Pm antagonized by the acids. The results were 
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grouped on the basis of highest percentage of reversal which could be ob. onisti 


tained with the amounts employed for the titrations. Obviously, the lower 


| 


the ratios and the higher the percentage of reversal, the greater was the | 


antagonistic property of the amino acids. 

The results on the antagonistic effect of the acids of Group I were clear 
cut and require no comment. 

In Group II, low antagonism was convincingly shown only for phenyl. 
alanine, leucine, and valine, since the molar ratios were as high as or higher 
than those of Group I. The question was undecided whether greater 
antagonism could be obtained with the remaining acids of Group II if higher 
concentrations were used. This, however, was not tested in view of the 
low solubility of tryptophane and tyrosine and the antibacterial effect 
shown by l-arginine in the basal medium. 

The lack of antagonistic effect of amino acids of Group III was clearly 
demonstrated, since the ratios employed were as high as or higher than 
those of Groups I and II. In addition to the acids recorded under Group 
III, d-lysine, dl-serine, and /-cystine showed no antagonistic effect upon 
R-Pm when titrated in concentrations of 64.5 and 31.5 y per ml. Higher 
concentrations could not be employed in view of their toxicity for Escherichia 
coli in the basal medium. 


Effect of Certain Vitamins and Related Substances upon Activity of R-Pm 


The substances were tested for antagonistic effect upon 2 antibacterial 
units of R-Pm in the following concentrations per ml. of basal medium: 
p-aminobenzo® acid 50 y, biotin (free acid) 12.5 millimicrograms, folic acid 
1.25 y, inositol 25 y, nicotinic acid 100 and 25 y, nicotinamide 100 and 25 , 
calcium pantothenate 62.5 and 31.25 y, pyridoxine 62.5 and 12.5 7, pyri- 
doxal 62.5 and 12.5 y, pyridoxamine 62.2 and 12.5 y, thiamine 80 and 
40 y, and riboflavin 12.5 and 3.1 y. The substances showed no antagonistic 
effect upon the activity of R-Pm. 


Antagonistic Effect of Substances of Mixed Composition upon R-Pm 


The antagonistic effect of substances of mixed composition was determined 
in a twofold manner. A given concentration of the substances was 
titrated against variable amounts of R-Pm; and an amount of R-Pm, con- 
taining 2 antibacterial units, was titrated against variable amounts of the sub- 
stances. 50 per cent of growth, as compared to the control culture, was 
taken as the end-point. The results were accurate and reproducible and 
good correlation was obtained between the two series of titrations. The 
effect of the substances was recorded (Table III) in terms of nitrogen ratio 
of minimal antagonistic concentration of the substances to R-Pm. The 
marked antagonism of casein acid hydrolysate is easily explained on the 
basis of the experiments described above; namely, the presence of antag- 
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onistic amino acids. For the time being, no explanation is offered for 
the comparatively greater antagonism of heart infusion broth, since it may 
be caused by additional factors other than amino acids. 

It is noteworthy that y-globulin showed a rather weak antagonistic 
efiect. This observation may be possibly explained by the fact that 
amino acids possessing low or no antagonistic effect, namely tyrosine, and 
serine and threonine, account for about 22.5 per cent of the weight of 
this protein (3). 

The results of studies on sera seem to present two points of special in- 
terest. There was a pronounced difference constantly and repeatedly ob- 
served in the antagonism of fresh and heated sera. Thus, the fresh rabbit, 











Taste III 
Antagonistic Effect of Substances of Mixed Composition 
N ratio of 
Substance tested substances to 
R-Pm giving 
aaa eeemamaaans meena ae 50 per cent 
Preliminary treatment N antagonism 
meg. per ml. 
Casein 10% Acid hydrolysis 14.0 3.5:1 
Heart infusion broth Autoclaved 4.6 0.6:1 
y-Globulin 2% Mandler filtrate, prolonged stor- 2.9 106:1 
age, 4° 
Human serum Mandler filtrate, storage 24hrs., § 10.2 | 72:1 
4° 
= = | Mandler filtrate, 20 min., 56° 10.2 14:1 
Rabbit “ _ “ Qhrs., 4° / 10.1 | 69:1 
a ” | - ” 20 min., 56° 10.1 | 4:1 
Mouse — “s ” 24 hrs., 4° | 10.4 7.3:1 
- 2s a - 20 min., 56° 10.4 3.3:1 








human, and mouse sera were approximately 17.5, 5.1, and 2.2 times less 
antagonistic than the respective heated sera. The conclusion seemed 
justified that the sera contained in their fresh state a heat-labile factor 
of variable concentration which was capable of reversing the antagonistic 
effect of sera upon R-Pm. 

Comparison of the effect of heated sera demonstrated a difference in the 
concentration of the antagonistic substances seemingly related to species. 
Repeatedly, the mouse serum showed the greatest antagonism, while the 
rabbit serum was only slightly less antagonistic. In the single example 
studied, the human serum possessed the least antagonistic effect. 


Characterization of Antibacterial Activity of R-Pm Against Escherichia coli, 
Strain 42 


Effect of R-Pm upon Rate of Growth and Viability of Organisms—A 5 
hour-old culture of Escherichia coli, strain 42, in basal medium was suitably 
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diluted in saline and added in concentration of 0.75 X 10° cells per ml, of 
basal medium containing 10, 2, 1, and 0.5 R-Pm units (viz., Tubes 1, 2 
3, and 4, respectively). The control culture contained veronal buffer, 
pH 2.1, in the same volume (Tube 5). The cultures were incubated for 
various periods of time and their optical density recorded. In order to 
determine the effect of the substance upon the viability of the organisms 
the cultures were subcultured at frequent intervals of time on meat jp. 
fusion broth, agar slants, and agar plates. The plates were uniformly 
streaked with one loopful of the material, in order to obtain a rough compar. 
ative estimate of the number of viable organisms present. The results 
were as follows: 

In the control culture (Tube 5), visible growth appeared following incu. 
bation for 5 hours. The multiplication then proceeded at the normal rate, 
giving an abundant growth after 24 hours of incubation. Tubes 1 to 3 
had no growth, while Tube 4 showed 50 per cent of the growth of the contro] 
culture after the same period of time. Following 31 hours of incubation, 
Tubes | and 2 remained clear, but Tubes 3 and 4 had as much growth as the 
control tube. After 50 hours, Tube 2 also showed growth. Tube 1 re- 
mained clear for the entire period of observation, lasting 6 days. 

Subcultures made during the initial 4 hours of incubation demonstrated 
little or no reduction in the number of organisms inoculated. Following 
inoculation for 5 to 7 hours, there was a definite decrease in the number 
of viable organisms in all tubes containing R-Pm. In Tube 1, containing 





| 





10 R-Pm units, the bacterial concentration fell to approximately one-fourth | 


of the control culture. Later subcultures demonstrated complete dis- 
appearance of organisms in Tube 1, while viable bacteria persisted in the 
remaining cultures. 

lt may be concluded from the above experiments that the effect of R-Pm 
is both bactericidal and bacteriostatic, depending on the dose employed. 

When 10 R-Pm units were used, there was observed a marked and pro- 
gressive decrease in the number of viable cells beginning 5 to 7 hours fol- 
lowing incubation and bringing about complete sterilization of the culture. 
Since no bacterial counts were made, it remained unknown whether any 
multiplication preceded the decrease. With smaller concentrations, the 
effect was wholly bacteriostatic. 1 unit exerted complete bacteriostasis for 
24 hours, 2 units gave complete inhibition of growth for a period over 31 
hours, while 0.5 unit gave only incomplete bacteriostasis following 24 
hours of incubation (50 per cent inhibition in this example). 

Effect of R-Pm upon Resting Cells—A saline suspension of a 24 hour-old 
growth of Escherichia coli, strain 42, on agar surfaces was washed twice 
by centrifuging in saline. The sediment was resuspended in veronal 
buffer, pH 6.85, and centrifuged in order to obtain a well packed sediment. 
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! The sediment was resuspended in R-Pm solution, pH 4.0, containing 40 
antibacterial units per ml., and in veronal buffer of the same pH. Aliquots 
of 0.15 ml. of packed sediment in 80 R-Pm units and 0.15 ml. of the sedi- 
ment in veronal buffer were placed in the refrigerator at 4° for } hour and 
inawater bath at 37° for 1,3}, and 6{ hours. The suspensions were then 
centrifuged until the supornatente became perfectly clear and the sediments 
washed by centrifuging in veronal buffer, pH 4.0. The supernatant so- 
lutions and the washings were tested for antibacterial activity and the 
sediments were cultured in meat infusion broth, on agar slants, and on agar 
plates by streaking each plate uniformly with one loopful of the material. 
The results of the experiments were as follows: 

Absorption of R-Pm by Bacterial Cells—The bacterial cells failed to re- 
move any R-Pm following storage at 4° for } hour. The supernatant 
solutions lost, however, about 50 and 75 per cent of activity by incubation 
with the cells at 37° for 1 and 33 hours, respectively. There occurred com- 
plete loss of potency after incubation for 6{ hours. No active material 
was recovered in the washings of the cells. 

Viability of Resting Cells Exposed to R-Pm—The viability of cells ex- 
posed to R-Pm at 4° for } hour was not tested. The effect of R-Pm upon 
the cells at 37° was clear cut. The cells were viable following incubation for 
land 34 hours. All cells were dead after contact with the substacne for 
6:hours. The viability of the cells was preserved in the control suspension 
following the same incubation period. 


Antibacterial Activity of R-Pm against Microorganisms Other 
Than Escherichia coli, Strain 42 


The tests were made in the Gladstone basal medium against microor- 
ganisms which grew abundantly in this medium. The remaining bacteria 
were tested in enriched media. The results are summarized in Table IV. 
As may be seen, R-Pm exerted a potent antibacterial effect upon a variety 
of microorganisms. Gram-positive organisms showed a greater resist- 
ance to R-Pm than the Gram-negative. This fact was possibly, at least 
in part, due to the required use of enriched media which, as shown in 
preceding experiments, were capable of antagonizing the antibacterial 
efiect. The susceptibility of Gram-negative organisms varied widely. 
The marked effect of the substance upon organisms quite refractory to 
other antibiotics is of special interest. It is also noteworthy that the Group 
D Salmonella typhi, strain Ty, tested in the complete synthetic medium 
of Fildes et al. (4) showed a susceptibility nearly as high as that of Esche- 
richia coli, strain 42, in the basal medium. Apparently, the inherent sus- 
ceptibility of the organism was considerable, since the Fildes medium was 
significantly antagonistic to R-Pm. 
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It was also noted in a number of experiments not recorded in this paper 
that the smaller the inoculum, the greater was the activity of R-Pm. Ap 
experiment with Group B Salmonella typhimurium, var. Binns, is given jp 
Table IV in order to illustrate this relationship. 


Microorganism 





Escherichia coli, strain 42 


_ << 6560 
“ce “ ac 456-1 
Bacillus friedlanderi, type A 
se sc“ ae B 
= e (type 


unknown), strain 981 
Group B 
Salmonella typhimurium, 
var. Binns 
Group B 
Salmonella paratyphi B 


Group D 
Salmonella typhi, strain Try 
Group D 
Salmonella panama 
Shigella paradysenteriae 

= dysenteriae 
Staphylococcus, strain H 


sé “é 6 


Streptococcus hemolyticus, 
8-, Lancefield, group A, 
strain J19 


TABLe IV 


Susceptibility of Microorganisms to R-Pm 





Medium used in test 


Gladstone basal medium 


** and 
serum diluted 1:40 


Fildes synthetic medium 


Gladstone basal medium 
Meat infusion broth 


“cc 


- - ** diluted 
1:2 with saline 

Meat infusion broth and 
serum diluted 1:40 








R-Pm units 





No. of ; 
bacterial cells siving 
per ml at0 hr. one, 
0.75 X 108 1 
0.75 X 104 3 
0.75 X 104 3 

| 0.75 X 104 4 
0.75 X 104 5 
0.75 X 104 5 


0.75 X 108 3. 


nh 


0.75 X 10* 2 


0.75 X 108 | 25 


0.75 X 104 1.25 


0.75 X 104 
0.75 X 10 
0.75 X 108 
0.75 X 10° 
8 xX 10? 


SSE8En 


Growth-Supporting Property of R-Pm for Lactobacillus casei 


A number of R-Pm preparations were assayed in complete synthetic 








medium (5) lacking pyridoxamine, in order to determine their ability to 
support the growth of Lactobacillus casei (American Type Culture Collection 
No. 7469). The cultures were incubated at 37° for 72 hours. The amount 
of growth was determined turbidimetrically in the Lumetron photoelectric 
colorimeter with the red filter No. 650. The uninoculated medium served 
as the blank. Control titrations gave an activity range of 25 to 100 
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millimicrograms, 50 per cent growth occurring in cultures containing 100 to 
250 millimicrograms of pyridoxamine per 10 ml. of medium. The figures 
approximated fairly well those given by Snell and Rannefeld (6). The 
materials tested were autoclaved with the medium prior to inoculation or 
added under sterile precautions following sterilization. 1 per cent solutions 
of pyridoxamine irradiated at pH 2.1 through Filters 5860 and 5970 for 
periods as long as 46 hours and through Filter 9863 for a period not longer 
than 24 hours showed no loss or slight reduction in growth-supporting 
potency, giving 50 per cent growth in concentrations of 50 to 200 mil- 
limicrograms per 10 ml. Irradiation through Filter 9863 for 46 hours 
destroyed almost completely this potency. The latter preparation showed 
also a marked loss in antibacterial activity. 

It may be concluded from these limited experiments that the antibacterial 
and growth-supporting potencies may coexist in the same solution without 
any apparent mutual antagonism. 

DISCUSSION 

Investigations of Snell (7) revealed that procedures causing amination 
and those causing partial oxidation of pyridoxine (vitamin Bes) brought 
about formation of “pseudopyridoxine” which possessed markedly en- 
hanced growth-promoting activity for lactic acid bacteria. The amine, 
2-methyl-3-hydroxy-4-aminomethyl-5-hydroxymethylpyridine, and the al- 
dehyde, 2-methyl-3-hydroxy-4-formy]-5-hydroxymethylpyridine, were syn- 
thesized by Harris, Heyl, and Folkers (8). These compounds were highly 
active for lactic acid bacteria and were called pyridoxamine and pyridoxal, 
respectively. 

All three compounds of this vitamin Bs group, namely, pyridoxine, pyri- 
doxamine, and pyridoxal, were found to be inactivated by light. The 
destruction which occurred more rapidly in alkaline than in acid solution 
did not depend upon the presence of oxygen. Highly diluted solutions 
were used for irradiation. Thus far, there have been no complete studies 
reported on the absorption spectrum of irradiated solutions in the region 
below 300 mu (9). Irradiation of 1 per cent solutions of pyridoxamine, pH 
2.1, employed in these studies for the production of the antibacterial agent 
showed little destruction of the growth-supporting property for Lacto- 
bacillus casei. The only conclusion which can be drawn from the experi- 
ments limited to L. casei, is that the antibacterial and growth-supporting 
potencies may coexist in the same solution without any mutual interference. 
Since certain degradation products of vitamin Be are capable of supporting 
the growth of L. caset (10), the possibility of a modification in the chemical 
structure following irradiation is not excluded by the experiments. 

It was demonstrated by the work reported that the antibacterial activity 
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of pyridoxamine is not related to possible formation of peroxides by irra. 
diation. Active preparations were negative for peroxides. The activity 
was not destroyed by catalase and the formation of the active principle 
did not depend on the presence of oxygen. Furthermore, a variety of 
substances, including veronal buffer which served as diluent, failed to yield 
any antibacterial activity upon irradiation under conditions identical to 
those employed for pyridoxamine. 

Irradiated pyridoxamine was found to exert the antibacterial activity 
against a variety of Gram-negative aerobic bacteria and toa lesser extent 
against two strains of Gram-positive cocci thus far tested. This spectrum 
of activity is suggestively different from other antibiotics, penicillin in 
particular. Further experiments on this point are in progress. 

The behavior of the antibacterial principle in cultures of Escherichia 
coli studied in some detail may be characterized as follows: 

1 antibacterial unit is defined as the smallest amount of irradiated pyri- 
doxamine (1 R-Pm unit) required to produce complete inhibition of growth 
in a basal (Gladstone) medium containing 0.75 X 10° cells of Escherichia 
coli, strain 42, at zero hour, per ml., following incubation at 37° for a period 
of 24 hours. 

Depending on the dose employed, the effect of the substance may be 
bactericidal or bacteriostatic. 

In growing cultures, an incubation period of several hours is required 
before the antibacterial activity begins to take place. 10 antibacterial 
units gradually destroy the organisms, bringing about complete sterilization 
of the culture. Bacteriostasis occurs in cultures containing considerably 
smaller doses. The duration of complete inhibition depends on the dose 
employed. 0.5 unit produces only incomplete inhibition following in- 
cubation for 24 hours. 

The substance may prove bactericidal for enormous amounts of resting 
cells. Thus, in the absence of nutrient medium, 0.15 ml. of packed bae- 
terial sediment is completely destroyed by 80 antibacterial units following 
incubation at 37° for 6? hours. The principle is lost completely following 
contact with the resting cells for the same period of time. 

Recent studies indicate a close relationship between the vitamins of 
the Bs group and the amino acid decarboxylase activity of bacteria (11). 
In this connection, the observations on the antagonistic effect of amino 
acids upon irradiated pyridoxamine are of interest. It remains to be 
determined whether the irradiated pyridoxamine is capable of interfering 
competitively with the normal function of vitamin Bs or other related 
vitamins. 

The antagonistic activity of casein acid hydrolysate, heated blood sera, 
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and meat infusion broth may be at least in part attributed to the presence 
of antagonistic amino acids in these substances. Significantly, y-globulin 
which contains a high percentage of non-antagonistic amino acids is the 
least antagonistic among the substances of mixed composition thus far 
tested. 

It seems to be worthy of special note that fresh human and rabbit sera are 
markedly less antagonistic than the respective sera heated at 56° for 20 
minutes. The suggestion is made that sera in their fresh state contain a 
heat-labile factor capable of reversing the effect of serum antagonists. 
Further studies on the enhancing activity are in progress. 


SUMMARY 


A new antibacterial agent is produced by irradiation of pyridoxamine 
under aerobic and anaerobic conditions. The potency of the agent found 
is critically related to the wave-length and duration of irradiation, and to 
H ion concentration, temperature, and concentration. Experiments de- 
scribed in the text deal with the absorption spectrum, heat lability, and 
filtrability of irradiated pyridoxamine and its behavior in cultures of 
Escherichia colt. 

Irradiated pyridoxamine (R-Pm) is active against a variety of Gram- 
negative aerobic bacteria and to a lesser degree against Staphylococcus, 
strain H, and one strain of Streptococcus hemolyticus thus far studied. 

The antibacterial activity of R-Pm is antagonized to some extent by 
certain amino acids, and by heated blood serum, meat infusion broth, and 
casein acid hydrolysate, presumably with the aid of the antagonistic amino 
acids present in these substances. y-Globulin is considerably less antag- 
onistic than the above substances of mixed composition. 

Fresh human and rabbit sera show a lower antagonistic effect than the 
respective sera heated at 56° for 20 minutes. There is assumed the pres- 
ence of a thermolabile factor in fresh serum capable of reversing the effect 
of serum antagonists. 
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COLORIMETRIC DETERMINATION OF URIC ACID WITH 
ALKALINE FERRICYANIDE 


By HERBERT SILVERMAN ano ISADORE GUBERNICK 


(From the Department of Chemistry, Pathological Laboratories, Queens General 
Hospital, Jamaica, New York) 


(Received for publication, September 20, 1946) 


With the exception of the ferricyanide reduction method described 
by Bulger and Johns (1), practically all procedures for blood uric acid 
determination are based on the arsenotungstate reduction method of 
Benedict and Behre (2) and the phosphotungstate reduction method of 
Folin (3). The reductions of both arsenotungstate and phosphotungstate 
solutions are empirical reactions, whereas the reduction of potassium 
ferricyanide in alkaline solution is stoichiometric. When the reaction 
temperature is kept below 3°, glucose will not reduce alkaline ferricyanide. 
The method of Bulger and Johns (1), while it offers accuracy and repro- 
ducibility, is impractical when many analyses are to be performed, since 
large amounts of blood are needed and the final step is an iodometric back 
titration which is subject to considerable error unless uniformity of con- 
ditions is rigorously observed. 

It occurred to us that a procedure could be developed whereby the 
ferrocyanide complex, formed in the oxidation of uric acid by potassium 
ferricyanide in alkaline solution, could be converted to Prussian blue by 
the addition of ferric ion, and the method thus transformed to a colori- 
metric determination. 

Preliminary experiments included treatment of Folin-Wu filtrates with 
phosphate-buffered potassium ferricyanide solution, prepared according 
to Bulger and Johns (1). The addition of the phosphate-buffered ferri- 
cyanide solution resulted in the formation of a precipitate, soluble only in 
an excess of a strong mineral acid. This precipitate could not be redis- 
solved by any further addition of phosphoric acid and the reagent was 
therefore abandoned. The use of sodium carbonate for an alkaline medium 
demonstrated the possibility of performing both uric acid determinations 
and glucose by the Folin-Malmros (4) procedure, with the same reagents. 

Fig. 1 shows that 3.0 ml. of alkaline ferricyanide are necessary for the 
complete oxidation of the uric acid reducing substances in 5.0 ml. of filtrate. 
A convenient temperature (25°) was chosen to determine the optimum 
time for color development. Standard uric acid solutions were read at 
varying times, and constant readings were obtained between 15 and 25 
minutes. 
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To determine whether the reaction followed Beer’s law, a series of aqueous | 


standards, corresponding to 4.0, 8.0, and 16.0 mg. per cent of uric acid jp 
blood, was prepared as described under “Procedure.” 5 ml. of each 
standard were treated with different amounts of alkaline ferricyanide, 
The reaction follows Beer’s law when 3.0 ml. of alkaline ferricyanide are 
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metric density (see the text). 
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Fic. 2. Effect of reaction medium on color development 


used, as is shown in Fig. 1. (The L value is a measure of the photometric 
density of the colored solution, and as used with the Evelyn colorimeter is 
equal to 2 minus the log of the galvanometer reading.) Recoveries of 
uric acid from uric acid-free filtrate were studied, working standards being 
prepared as described in ‘‘Procedure.”’ Fig. 2 shows the recovery from 
two different filtrates compared with the recovery from distilled water. 
Since the water curve and filtrate curves are not identical, it is obvious 
that the uric acid-free filtrate should be used to make up the working 
standards for a calibration curve. 
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Method 


Reagents— 

1. Potassium ferricyanide, 0.4 per cent. Dissolve 4.0 gm. of potassium 
ferricyanide in water and make up to 1 liter. 

2. Sodium carbonate, 1.6 percent. Dissolve 16 gm. of sodium carbonate 
in water and make up to | liter. 

3. Alkaline ferricyanide solution. Freshly prepared before use by mix- 
ing equal quantities of solutions (1) and (2). 

4. N/12 sulfuric acid. 

5. Sodium tungstate, 10 per cent. 

6. Ferric iron reagent (5). Filla liter cylinder to the mark with distilled 
water. Suspend 20 gm. of gum ghatti on a piece of copper or galvanized 
iron screening just below the surface of the water, and allow to stand for 
M%hours. Remove screening and gum ghatti and strain the liquid through 
a double layer of clean toweling. With the aid of heat, dissolve 5 gm. of 
anhydrous ferric sulfate with 75 ml. of 85 per cent (syrupy) phosphoric 
acid and 100 ml. of distilled water. Cool and mix with the gum ghatti 
solution. Add 1 per cent potassium permanganate solution to the final 
mixture, 2 to 3 ml. at a time, until the first faint pink color remains per- 
ceptible for at least 5 minutes. This step is essential for the oxidation of 
substances in gum ghatti which reduce ferricyanide. 

7. Uricase powder! (6). Remove superficial fat from 5 pounds of fresh 
beef kidneys. Grind in a meat chopper. Put the ground tissue into a 
large wide mouthed bottle, and wash with tap water by decanting to 
remove blood and urine. Homogenize small portions of the resulting 
material with an approximately equal weight of benzene in a Waring 
blendor. Return the combined homogenate to a similar wide mouthed 
bottle. Add 2 volumes of cold acetone and allow the protein material to 
settle. Filter through cheese-cloth and squeeze dry. Resuspend the 
solid material in about 3 times its weight of acetone, allow to settle, and 
filter. Repeat until the resulting powder is thoroughly dehydrated and 
defatted. Spread the material on a clean dry towel and allow to dry over- 
night in air. Grind to a fine powder with a mortar and pestle, and store 
ina vacuum desiccator. 

8. Uric acid stock solution. Dissolve 9.0 gm. of anhydrous disodium 
hydrogen phosphate in 500 ml. of hot water, and pour upon exactly 200 mg. 
of pure uric acid suspended in a few ml. of water in a liter volumetric flask. 
Mix until solution is complete. Cool and dilute to the mark. (1.0 ml. 
= 0.2 mg. of uric acid.) 


'Uricase powder is available from the Arlington Chemical Company, Yonkers 1, 


New York. 
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Procedure 


Serum or plasma may be used. In three 50 ml. Erlenmeyer flasks the 
following reagents are added: (A) 1.0 ml. of serum or plasma and 10 Ing. 
of uricase powder; gently swirl the contents of the flask to assure an even 
distribution of the uricase powder; (B) 1.0 ml. of serum or plasma; (C) 
1.0 ml. of water and 10 mg. of uricase powder. The purpose of this flask 
is to determine the uricase blank and only a few such runs are necessary 
for each batch of uricase. Flasks A and C are placed in an incubator at 
37.5° for 2 hours. 

Next prepare a Folin-Wu filtrate by adding 8.0 ml. of N/12 sulfuric aeid 
and 1.0 ml. of 10 per cent sodium tungstate to each flask. Shake 
thoroughly and transfer the contents to a 16 ml. centrifuge tube. Centri- 
fuge at medium speed for 5 minutes. This assures adequate filtrate for 
the determination. Pipette 5.0 ml. of the clear supernatant fluid into 
7 X ¢ inch test-tubes. Into a fourth tube, D, pipette 5.0 ml. of distilled 
water. This blank serves as a reference solution for all untreated sera, 
Place the four tubes in an ice-brine bath. A Dewar flask of 1 liter capacity 
is very satisfactory for a small number of determinations. Sufficient ice 
should be present to maintain freezing temperatures for at least 90 minutes. 
Pipette 3.0 ml. of cold alkaline ferricyanide solution into each tube and 
mix immediately by shaking. Promptly replace the tubes in the ice bath 
and allow the oxidation to proceed for exactly 60 minutes. The importance 
of temperature control throughout the determination cannot be over- 
emphasized, as was previously pointed out by Bulger and Johns (1). 

At the end of the 60 minute period pipette 2.5 ml. of ferric iron reagent 
into each tube. Mix by shaking and immediately place the tubes in a 
water bath at 25°. Allow to stand for 20 minutes at this temperature. 
Read in a filter photometer with a 540 mu filter. The tube from the un- 
treated serum, Flask B, is read against the water reference solution, Flask 
D. The tube from the serum or plasma treated with uricase, Flask A, 
is read against the uricase reference solution, Flask C. 

Calculations 

The reaction follows Beer’s law, and a straight line relationship can be 
obtained by plotting L values against known urie acid concentrations. 
Uric acid working standards can be prepared by diluting the stock urie 
acid solution with 0.01 per éent sodium carbonate. Standards used in the 
preparation of a calibration curve should fall in the range representing 2 
to 16 mg. per cent of uric acid in serum. To prepare a working standard, 
equivalent to 4.0 mg. per cent of serum uric acid, dilute 5.0 ml. of stock 
uric acid solution to 50 ml. with 0.01 per cent sodium carbonate. Pipette 
1.0 ml. of this solution into a 7 X inch test-tube, add 4.0 ml. of uric acid- 
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free filtrate (prepared by treating 10.0 ml. of serum with 100 mg. of uricase 
powder and then preparing a Folin-Wu filtrate, as described in ‘‘Proce- 
dure”). Cool, add 3.0 ml. of alkaline ferricyanide, and continue as described 
under “Method.” The reference solution contains 1.0 ml. of 0.01 per cent 
sodium carbonate solution and 4.0 ml. of uric acid-free filtrate. Other 
standards are similarly prepared so that 1.0 ml. of the working standard 
contains the requisite amount of uric acid, to which 4.0 ml. of uric acid-free 
filtrate can be added. Serum uric acid values are obtained from the graph 
by subtracting the non-uric acid reducing value from the total reducing 


value. 


TaBLeE | 
Comparison of Colorimetric and Titrimetric Methods 


The results are expressed in mg. per cent. 





Titrimetric Colorimetric 
Determination . SS — . ——s ‘ Capenliieinicaamell 
No Total reducing) y Total reducing 





Non-uric acid Uric acid 





substance substance | Non-uric acid Uric acid 
l 7.3 2.3 5.0 6.0 1.0 5.0 
2 6.0 2.3 2.3 5.4 1.8 3.6 
3 6.7 2.6 4.1 5.4 1.3 4.1 
4 5.9 « 2.2 3.9 1.0 2.9 
5 5.2 1.8 3.4 4.5 0.4 4.1 
6 6.4 2.3 4.1 4.7 0.9 3.8 
7 6.8 2.9 3.9 5.6 1.6 4.0 
8 1.3 3.2 4.1] 6.2 1.8 4.4 
9 | 7.2 2.3 4.9 5.8 1.1 4.7 


| 


DISCUSSION 

The K value for this procedure, which is defined as the L value divided 
by the corresponding concentration in mg. per cent, with the macro attach- 
ment of the Evelyn colorimeter with a 540 mz filter, is 0.0447 + 0.0011. 
This value was obtained from a series of twenty determinations of standard 
urie acid solutions in a range corresponding to 4.0 to 16.0 mg. per cent of 
serum uric acid. The color was developed at 25° for 20 minutes. Uric 
acid-free filtrate was used in making up the working standards. The curve 
is linear up to at least 16.0 mg. per cent of serum uric acid. Analyses of 
sera with higher uric acid content should be repeated with suitable aliquots. 
The average amount of non-uric acid reducing substances found by this 
method is lower than the average value of 1.0 to 3.0 mg. per cent given by 
Bulger and Johns (1). By the method described, about 80 per cent of the 
non-uric acid reducing values were less than 1.0 mg. per cent. This dif- 
ference may be due to the different systems in which the oxidation of uric 
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acid is taking place in the respective procedures. Table I shows a com. 
parison of uric acid values obtained by this method and the titrimetric 
method. For clinical purposes, when uric acid values are expected to fal] 
in the normal range, the step involving the treatment of serum with uricage 
powder may be omitted and 0.6 mg. per cent subtracted from the fina] 
total reducing value. Similarly, in cases of urinary retention, the absolute 
amount of non-uric acid reducing substances increases in approximately 
the same proportion as the total substances reduced by ferricyanide in 
this method. About 10 to 20 per cent of the total reducing substances are 
non-uriec acid, and again the uricase step may be omitted. In sera with 
elevated uric acid content due to causes other than urinary retention, the 
non-uric acid fraction is of the order of magnitude found in normal sera, iz, 
about 0.6 mg. per cent. For the comparisons in Table I it was necessary 
to use specimens of pooled sera, some of which were hemolyzed, to assure 
an adequate amount of filtrate for both the titrimetric and colorimetric 
procedures. This accounts for the somewhat increased non-uric acid 
reducing values shown in Table I. 

The preparation of a uricase blank was mentioned as a part of the pro- 
cedure. It was found from determinations, carried on over a period of 
several months, that 10 mg. of uricase powder gave a reduction value in 
terms of uric acid in the amount of 0.2 to 0.3 mg. per cent. 


SUMMARY 


A colorimetric method in which alkaline ferricyanide is used for the 
determination of serum uric acid is described. The reagents are the same 
as those used for a standard blood glucose method. 


The authors wish to express their thanks to Max M. Friedman, Senior 
Chemist at Queens General Hospital, for his many valuable criticisms and 


suggestions. 
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DIFFERENTIATION BETWEEN RIBOSE-3-PHOSPHATE AND 
RIBOSE-5-PHOSPHATE BY MEANS OF THE 
ORCINOL-PENTOSE REACTION 


By HARRY G. ALBAUM* ano W. W. UMBREIT 


(From the Laboratory of Bacteriology, College of Agriculture, 
Cornell University, Ithaca) 


(Received for publication, September 13, 1946) 


During a study of the energy-rich phosphorus compounds of higher 
plants, it became necessary to differentiate between ribose-3-phosphate and 
ribose-5-phosphate. The only method available for distinguishing between 
these esters at low levels (quantities of 1 mg. or less) is that of Levene and 
Stiller (1). This method depends on the difference in the rate at which 
these compounds release their phosphorus in weak acid at 100° over the 
course of several hours, the phosphorus from the 3-ester splitting off much 
more readily than that of the 5-ester. This method may be applied not 
only to the free ribose phosphates, but also to related compounds which 
possess them. Schlenk (2) used such a procedure to determine the position 
of the phosphorus on the ribose of diphosphopyridine nucleotide. LePage 
and Umbreit (3) measured the rate of phosphorus release from the ribose 
phosphate derived from the adenosine triphosphate of Thiobacillus thio- 
oridans, and concluded, partly on the basis of such data, that this organism 
possesses an adenosine-3-triphosphate. 

The adenylic acids possessing the 3- or 5-ribosephosphate may also be 
differentiated by several other methods. Klimek and Parnas (4) devised a 
method based on the formation of a blue soluble complex by the 5-adenylic 
acid (myoadenylie acid) in alkaline solution in the presence of copper sul- 
fate. Under the same conditions, only an insoluble precipitate is formed by 
the 3-adenylate (yeast adenylic acid), which after centrifugation leaves a 
clear colorless supernatant solution. This procedure has recently been 
more completely standardized by Berlin and Westerberg (5). The most 
recent method for differentiation between the two types of adenylic acid is 
that of Kalckar (6), utilizing a purified deaminase first described by 
Schmidt (7) which removes the amino group from myoadenylic acid, but 
not from yeast adenylic acid. The reaction is measured spectrophoto- 
metrically. The enzyme is without effect on either adenosine di- or tri- 
phosphate. 

The present paper describes a new method for differentiating between 
ribese-3-phosphate and ribose-5-phosphate. It is based on a difference in 

* National Research Council Fellow in the Natural Sciences. Present address, 
Brooklyn College, Brooklyn, New York. 
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the rate of color development of the two esters in the presence of the orcino] 
reagent. This method may be used not only for the free esters, but for 
compounds containing them as well. Its chief advantages lie in that it js 
rapid, can be used for samples containing as little as 10 y of the esters, and 
serves as an additional criterion for differentiating between ribose.3- 
phosphate- and ribose-5-phosphate-containing compounds. It is based on 
a study of the pentose method proposed by Mejbaum (8) and enables one 
to resolve a number of discrepancies which appear in the literature. 


EXPERIMENTAL 


Preparation of Ribose-5-phosphate—Ribose-5-phosphate was _ prepared 
from adenosine triphosphate according to the method of LePage and 
Umbreit (3). The barium salt of adenosine triphosphate was dissolved 
with 2 n HCl, adjusted to 1 N HCl, heated in a water bath at 100° for 10 
minutes, cooled, adjusted to pH 8.2 with 30 per cent NaOH, and the 
barium phosphate centrifuged down and discarded. The supernatant 
solution was treated with 4 volumes of alcohol and the barium ribose-5- 
phosphate collected by centrifugation after several hours in the cold. The 
preparation, after washing with alcohol and ether, contained only traces of 
inorganic phosphorus, and no adenine as measured spectrophotometrically. 
The molar ratio of ribose to organic phosphate was 1.00: 1.04. 

Preparation of Ribose-3-phosphate—LePage and Umbreit (3) prepared 
ribose-3-phosphate from yeast adenylic acid in a similar fashion. Several 
preparations by this procedure from yeast adenylic acid (Schwarz) always 
yielded material which contained considerable quantities of unhydrolyzed 
adenylic acid. In one case, after the above procedure, 17 per cent of the 
adenylic acid had not been split. The entire procedure was repeated on the 
same sample and yielded a preparation which was 96 per cent pure, the 
remaining 4 per cent being unhydrolyzed adenylate. The ratio of ribose 
to organic phosphate (after correction for the adenylie acid remaining) was 
1.00:0.98. 

Whereas the yields in the case of ribose-5-phosphate were close to theo- 
retical, those of the ribose-3-phosphate were very low. This is under- 
standable in view of the rapid rate of phosphate hydrolysis in the case of 
the latter (77 per cent is hydrolyzed in 30 minutes in 1 N HC] at 100°) and 
the apparent relative resistance of the adenine-ribose bond. Indeed Levene 
and Harris (9) experienced considerable difficulty in preparing the 
ribose-3-phosphate from guanylic acid by the procedures ordinarily used in 
the preparation of the 5-phosphate. They attributed this to the greater 
lability of the 3-phosphate and the difficulty in completely removing 
nitrogen compounds (presumably adenylic acid). 

Preparation of Muscle Adenylic Acid—Muscle adenylic acid, generally 
prepared by alkaline hydrolysis of barium adenosine triphosphate by the 
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methods of Lohmann (10), Barrenscheen and Lang (11), or Kerr (12), was 
in this instance prepared by enzymatic hydrolysis of adenosine triphosphate 
with the potato pyrophosphatase of Kalckar (13). 122 mg. of barium 
adenosine triphosphate were suspended in water, dissolved with 2 n HCl, 
the barium removed with 20 per cent sodium sulfate, and the pH adjusted 
to 6.0, final volume 3.0 ml. To this were added 5 ml. of 0.2 m acetate 
buffer, pH 5.5, which contained 10 mg. of CaCl, per ml., water to 10 ml., 
and 100 mg. of the lyophilized potato enzyme.'' The reaction was allowed 
to proceed at room temperature for 1 hour, at the end of which time it 
was stopped by the addition of 1 ml. of 100 per cent trichloroacetic acid. 
The protein was removed by centrifugation, the extract adjusted to pH 8.2, 
and barium acetate added. The barium-insoluble precipitate was dis- 
carded, and the remaining supernatant solution treated with 4 volumes of 
alcohol. The precipitated barium adenylate was collected after several 
hours in the cold, washed with 95 per cent alcohol and ether, and dried; 
28 mg. of barium adenylate were obtained (40 per cent of theoretical). 
The ratio of organic phosphorus to pentose to adenine was 1.00:1.07:1.07. 

Adenosine triphosphate was prepared as the barium salt by the method 
of Needham (14). The ratio of total phosphorus to labile phosphorus to 
pentose was 3.00: 1.97:1.03. 

Yeast adenylic acid, guanylic acid, and d-ribose were obtained from 
the Schwarz Laboratories; d-xylose and /-arabinose from the Pfanstiehl 
Chemical Company. 

Phosphorus was determined according to the method of Fiske and 
Subarrow (15) with Elon as the reducing agent. Pentose was determined 
according to the procedure of Mejbaum (8) with slight modification. 
Orcinol (Eastman Kodak) was made up in 95 per cent alcohol, 100 mg. 
per ml., and added to the FeCl;-HCl1 solution (0.1 per cent FeCl; in con- 
centrated HCl) just before use. 

Hydrolysis Curves of Ribose-3-phosphate and Ribose-5-phosphate—The 
phosphorus hydrolysis curves in 0.25 n H.SO, of the ribose-3- and ribose-5- 
phosphates isolated above are shown in Fig. 1, along with values for yeast 
adenylic acid. The curves agree well with those reported by Levene and 
Stiller (1) and Schlenk (2). The ribose-5-phosphate curve is virtually 
identical with that reported by LePage and Umbreit (3), but that for the 
3-phosphate is considerably steeper. 

Color Development in Orcinol Reagent—When one heats equal quantities 
of ribose-3- and ribose-5-phosphates with the orcinol reagent, the final 
color developed is identical in both cases, but the rates of color develop- 
ment are very different. This is shown graphically in Fig. 2, along with 
curves for the free ribose, xylose, and arabinose. The average results of a 


' We are indebted to Dr. I. C. Gunsalus for this material. 
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large number of such determinations are shown in Table I, together with | 
their standard deviations. 
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Fic. 2. Rate of color development in the pentose-orcinol reaction. O ribose-5- 
phosphate, @ free ribose, @ ribose-3-phosphate, @ d-xylose, © /-arabinose. 


The experiments were carried out in the following way. Samples 
containing between 10 and 30 y of pentose were made to 3 ml. in colorim- 
eter tubes with water. To each were added 3 ml. of the FeCl,-HCl 
reagent and 0.3 ml. of the alcoholic orcinol. The contents of the tubes 
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were mixed and read in the Evelyn colorimeter with Filter 660. The 
tubes were then placed in a boiling water bath and heated for 8 minutes. 
Since it took approximately 1 minute for the bath to return to boiling, this 
first reading was called a 7 minute reading. The tubes were removed, 
cooled, and the color read again. This was repeated at the end of 15, 25, 
35, and 45 minutes. The values shown are expressed as per cent of color 
developed; the 45 minute value was arbitrarily taken as 100 per cent 
(greater color was not obtained on longer heating, except occasionally with 
free arabinose (cf. Fig. 2)). 
TABLE [| 


Rate of Color Development in Orcinol-Pentose Reaction 





Per cent color development 


























No. of ae 
— Time of heating at 100° 
tions = a2 ag — “ ee - wor 
7 min 15 min 25 min 35 min. |45 min. 
Ribose-3-phos- 36 | 26.5 + 3.7*| 62.04 4.5 86.5 + 3.2] 97.0 + 1.6 100.0 
phate 
Ribose-5-phos- 26 | 65.5 + 2.6 | 90.9 + 2.0| 99.2 + 0.9 100.0 
phate 
Yeast adenylic 8 | 24.6 61.8 87.9 97.4 100.0 
acid 
Guanylic acid 6 | 26.9 63.1 | 88.7 98.1 100.0 
Muscle adenylic 6 66.8 91.8 99.2 100.0 
acid 
Adenosine triphos 6 | 62.4 88.5 99.1 100.0 
phate 
ton fet 


n 


In the case of the ribose-5-phosphate, maximum color is often developed 
at the end of 25 minutes; the 35 minute value is generally the same, whereas 
the 45 minute value is usually slightly lower. In these cases the per cent 
color developed is calculated from the maximum value. 

It will be noted that complete color is not developed in 20 minutes, the 
standard heating time used by Mejbaum (8), even in the case of the ribose- 
5-phosphate. The value is close enough to 100 per cent, however, (95 
per cent) to introduce only a small error in any calculations involving 
ribose in ribose-5-phosphate, especially if ribose-5-phosphate is used as a 
standard. 

Ribose-3-phosphate, on the other hand, behaves quite differently. Its 
curve is almost identical with that of free ribose, and in 20 minutes shows 
only about 75 per cent of maximum color development. Xylose and 
arabinose develop their color even more slowly. Any calculations on the 
pentose content of ribose-5-phosphate, with the free pentoses as standards, 
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at the end of a 20 minute heating time will therefore yield values for pentose 
which are too high, the degree of error introduced depending on the pentose 
used as a standard. Calculations involving the 3-phosphates, on the other 
hand, will give correct values for ribose, but values which are too high with 
either xylose or arabinose. All this may be avoided by using a 45 minute 
heating time, at which time all the sugars develop maximum color. It js 
apparent that if one wishes to distinguish between the ribose-3-phosphate 
and the ribose-5-phosphate, one may conveniently do so by reading the 
color at 7 minutes and at 45 minutes. In the case of the 3-phosphate on 
the average only 26.5 per cent of the final color is developed in this time, 
whereas for the 5-phosphate, 65.5 per cent develops. 
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Fic. 3. Phosphorus hydrolysis curves of ribose-3-phosphate (OQ) and ribose- 

5-phosphate (@) in 6 Nn HCI at 100°. 
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That this method may be applied to compounds containing the ribose-3- 
and ribose-5-phosphate, as well as to the free esters, is shown in Table I 
where color development data are presented for yeast. adenylic acid, guan- 
ylic acid, adenosine triphosphate, and muscle adenylic acid, as well as for the 
free esters. 

Phosphorus Hydrolysis from Ribose-3-phosphate and Ribose-5-phosphate 
in 6 nw HCl—The data presented above show that the color development 
curves for the ribose-3-phosphate and compounds containing it (yeast 
adenylic and guanylic acids) are similar to that of free ribose. It appeared 
that this might be associated with the greater lability of the phosphorus 
in ribose-3-phosphate. Phosphorus hydrolysis curves were therefore run 
in 6 N HCI (the final acid normality in which the orcinol reaction is carried 
out). The results are shown in Fig. 3. It will be noted that apparently 
90 per cent of the phosphorus is split from ribose-3-phosphate in 7 minutes; 
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under the same conditions less than 50 per cent of the phosphorus is hydro- 
lyzed from the 5-phosphate. In the case of the 3-phosphate, therefore, 
one rapidly obtains free ribose; one would therefore expect a curve similar 
to that of the free sugar. In the case of the 5-phosphate, the greater 
stability of the phosphate in some way is related to the more rapid develop- 
ment of color. 

Effect of Polysaccharide on Rate of Color Development—When one uses 
the above method for pure compounds, the results are excellent. If, 
however, crude plant or bacterial extracts which contain polysaccharides 
and their partially split-products are used, it is difficult to obtain curves 
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Fic. 4. Influence of soluble corn polysaccharide (I) on the rate of color development 
in the pentose-orcinol reaction. Left-hand curves, ribose-3-phosphate; right-hand 
curves, ribose-5-phosphate. All samples contain 20 y of the free esters. O no other 
additions, @ + 50 y of polysaccharide, @ + 100 y of polysaccharide, ® + 200 y of 
polysaccharide. 
which are exactly like those of ribose-3- and ribose-5-phosphates. Under 
such conditions, one obtains curves which are low The effects of polysac- 
charide on the color development curve are shown in Fig. 4. In each case, 
20 y of the phosphate esters were used, 50, 100, and 200 y of soluble corn 
polysaccharide, prepared by Sumner and Somers (15), being added.’ 
Similar results are obtained with starch. 


DISCUSSION 
It is apparent that, by the method described, ribose-5-phosphate can be 


detected in pure compounds. The data of this paper also offer a reasonable 
explanation for a variety of discrepancies which occur in the literature. 


* We are indebted to Dr. G. F. Somers for a supply of this material. 
ee 
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Kerr and Seraidarian (16), using free pentoses as standards, report 120 to 
125 per cent color development with the 5-phosphates (muscle adenylie 
and ribose-5-phosphates) which, since these authors used a 20 minute 
heating time, is entirely in accord with the data of Fig. 2. Mejbaum (8) 
used 20 minutes heating, but specifically designed the method for determin. 
ing pentose in the 5-phosphates and used crystalline inosinic acid (musele) 
as a standard. Her remarks on the color produced by free pentoses are 
ambiguous. Schlenk (2) employed a 30 minute heating time and claims 
agreement among all materials used, which would be roughly, although 
not exactly, correct. It is apparent that the differences in rate of color 
development were known in the early literature (4) but apparently had not 
been studied in sufficient detail to reveal the facts recorded here. 


SUMMARY 


A method is presented for distinguishing between ribose-3-phosphate and 
ribose-5-phosphate, based on the rate of color development in the orcinol- 
pentose reaction. 

With this method it is possible to differentiate not only the free esters, 
but compounds which possess them. 

The curve obtained for ribose-3-phosphate is virtually identical with 
that of free ribose. This is apparently due to the very rapid removal of the 
phosphorus from ribose-3-phosphates in the strong acid in which the tests 
are carried out. 

The method cannot be used precisely on crude plant and _ bacterial 
extracts containing polysaccharides, since these alter the rate of color 
development. 

The bearing of these findings on a number of difficulties in pentose 
analysis which appear in the literature are discussed. 
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THE DETERMINATION OF AROMATIC AMIDINES IN PLASMA 
AND URINE 


By DUDLEY P. JACKSON,* W. JAMES KUHL, Jr.,* anp J. LOGAN IRVIN 


(From the Department of Physiological Chemistry, The Johns Hopkins University, 
School of Medicine, Baltimore) 


(Received for publication, November 7, 1946) 


Certain aromatic amidines have been reported to be useful chemothera- 
peutic agents for the treatment of leishmaniasis, trypanosomiasis, and 
babesiasis (1). Pharmacological and clinical studies of these compounds 
have been handicapped by lack of suitable methods for the determination 
of aromatic amidines in plasma and urine. 

Recently Fuller (2) described a method which is based upon a reaction 
between the aromatic amidines and glyoxal, a reaction which was studied 
first from the standpoint of preparative organic chemistry by Ekeley and 
Ronzio (3). Prior to the publication of the method of Fuller, we had 
occasion to develop a general procedure for the determination of aromatic 
amidines in body fluids. An attempt was made to apply the reaction with 
glyoxal alone (subsequently used by Fuller) under a variety of conditions. 
The reaction was difficult to control, and it did not appear promising for 
analytical purposes. However, a satisfactory procedure was developed 
by application of another reaction originally studied by Ekeley and Ronzio 
(4,5) for preparation of glyoxalines; 7.e., the reaction of aromatic amidines 
with glvoxal and benzaldehyde. This procedure is more sensitive than that 
of Fuller and is free of some of the difficulties reported for the latter method. 
The present method is more generally applicable, inasmuch as it yields 
fluorescent products with a wider range of aromatic amidines. 


EXPERIMENTAL 


Reagents— 

1. Glyoxal solution. 20 mg. of glyoxal-bisulfite addition product (Car- 
bide and Carbon Chemicals Corporation) per 1 ml. of distilled water. 

2. Benzaldehyde solution. 8 ml. of benzaldehyde (Eastman Kodak, 
purified grade) dissolved in ethyl alcohol and diluted to 100 ml. with that 
solvent. 

3. 10 x sodium hydroxide solution (aqueous). 

* Recipients of Henry Strong Denison Scholarships, 1945-46. 

' This is one of a series of studies in connection with a program in this department 
on antimalarial compounds and the biochemistry of malaria. We are indebted to 
Dr. E. K. Marshall, Jr., for directing our attention to the need of an analytical 
method for aromatic amidines. 


377 





Poe aay i. = 





al 
’ 








378 DETERMINATION OF AROMATIC AMIDINES 


4. Aleohol-ether solution. 10 ml. of ethyl ether in 90 ml. of ethy| 
alcohol. ; 

5. Dialyzed iron. Preparation of Merck and Company; supplied ag g 
colloidal suspension, equivalent to 5 per cent Fe.O;. 

6. Sodium sulfate solution. 22 gm. of anhydrous sodium sulfate jp 
100 ml. of distilled water. 

The following procedure for conducting the reaction can be applied to 
pure aqueous solutions of aromatic amidines, to protein-free centrifugates 
and extracts of plasma, and to urine. The volumes of solution and re. 
agents are those required for the Klett fluorimeter, which is provided with 
cuvettes demanding a minimum volume of about 18 ml. If the Coleman 
electronic photofluorometer is to be used, half quantities of solution and 
reagents can be employed. 

To 10 ml. of aqueous solution of the aromatic amidine’ in a 125 ml, 
Erlenmeyer flask, 0.4 ml. of glyoxal solution and 0.5 ml. of benzaldehyde 
solution are added, and the flask is shaken to mix the contents. Then | 
ml. of 10 N sodium hydroxide solution is added dropwise with constant 
agitation of the flask.* The flask is shaken mechanically for 45 minutes at 
room temperature. At the end of this time, 10 ml. of alcohol-ether solu- 
tion are added, and the solution is permitted to stand at room temperature 
for 15 minutes before the fluorescence is measured. Occasionally, some 
slight turbidity will develop at this stage, particularly in the analysis of 
plasma. In such an event, the solution can be clarified by filtration 
through a sintered glass filter funnel with gentle suction, excessive evapo- 
ration of alcohol and ether being avoided. 

Preparation of Standard Solutions—Direct comparison of the fluores- 
cence of the “unknown” solution with standards prepared simultaneously 
from known amounts of stilbamidine (or other aromatic amidine) is a more 
accurate procedure than calculation from a standard calibration curve. 
However, the latter method provides some saving in time when many 
routine analyses are being conducted. When a standard calibration curve 

? When the Klett fluorimeter is employed, the 10 ml. portion of the sample should 
contain a minimum of 0.5 y of stilbamidine (calculated as the ‘‘base’’) or 1 y of p- 
carbethoxybenzamidine. Somewhat smaller quantities can be determined when 
fluorescence is measured with the Coleman photofluorometer. 

? It should be emphasized that the sodium hydroxide should be added after the 
addition of glyoxal and benzaldehyde. If the solution is made alkaline prior to ad- 
dition of the aldehydes, appreciable hydrolysis of the amidine will occur. When the 
sodium hydroxide is added slowly after introduction of the aldehydes, hydrolysis of 
the amidine is minimized, although probably it competes with the desired reaction 
to some extent. Ekeley and Ronzio have described an intermediate addition prod- 
uct of amidines and glyoxal. Formation of this addition product probably aids in 
protecting the amidine group against hydrolysis when the solution subsequently is 
made very alkaline. 
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js employed, it is imperative to use a stable fluorescent compound or solu- 
tion, for example atabrine in dilute sulfuric acid, as a standard of fluores- 
cence for adjusting the instrument to the condition of calibration. For 
the preparation of a calibration curve or standards for direct comparison, 
10 ml. portions of a series of aqueous solutions of a salt of the aromatic 
amidine are placed in 125 ml. Erlenmeyer flasks, and the reaction with 
glyoxal and benzaldehyde is conducted as described above. At the same 
time, a reagent blank is prepared with all reagents except the amidine. 
After dilution of each with alcohol-ether, the fluorescence is determined 
after adjustment of the sensitivity of the fluorimeter to a suitable value 
which thereafter is retained for reading standards, blanks, and unknowns. 
The intensity of fluorescence bears a linear relationship to concentration of 
the amidine over a wide range of concentrations. The selected range of 
standard solutions depends upon the particular amidine being determined 
and the expected range of concentrations in the plasma. For example, in 
the case of stilbamidine the range would be from 0.5 to 10 y (expressed as 
the base) in the total volume (10 ml.) of standard solution employed for 
the reaction. 

Measurement of Fluorescence—In the development of this method, the 
Klett fluorimeter*t was employed. However, the method can be adapted 
easily for use with other fluorimeters, such as the Coleman electronic 
photofluorometer. With the Klett fluorimeter, the primary filter (7.e., 
the filter inserted in the path of the incident beam between the mercury 
vapor lamp and the cuvette) can be either Corning® Filter 5113 or 5970; 
the secondary filter (7.e., the filter which is inserted between the cuvette 
and the photocell), should be Corning Filter 3385. 


‘Klett Manufacturing Company, New York. 

5’These numbers refer to the ‘‘new glass code’’ as listed in the catalogue, ‘‘Glass 
color filters,’’ of the Corning Glass Works, Corning, New York. The primary filters 
which we used were specially ground (by the Corning company) to a thickness of 1 
mm. to increase the transmission, thus providing a more intense irradiation which 
increased the sensitivity of the method considerably. In measuring the fluorescence 
of solutions of the glyoxaline derivative in water-ethanol-ether (see the procedure 
for the determination of aromatic amidines in plasma), either Filter 5970 or 5113 can 
be used as primary filter, but the fluorescence of blanks is less when Filter 5113 is 
employed. Filters 5113 and 5970 have mean transmission at wave-lengths of 410 
and 365 mu, respectively. In determining the fluorescence of solutions of the glyox- 
aline derivative in n-butanol-ethyl ether (see the method for the determination of 
aromatic amidines in urine), primary Filter 5113 provides greatest sensitivity. The 
secondary filter (No. 3385) can be of standard thickness provided by the Corning 
company. This filter transmits visible radiation of wave-length greater than ap- 
proximately 490 mu. The source of irradiation was a mercury vapor lamp, General 
Electric Company, type H-4. With the Coleman electronic photofluorometer the 
primary and secondary filters can be (Coleman code) Nos. B; and PC-9, respectively. 
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Preparation of Plasma or Serum for Analysis 


Two methods for preparing plasma or serum for analysis are described 
below. The first of these, involving preparation of protein-free centr- 
fugates with dialyzed iron, is less time-consuming, but is limited to higher 
concentrations of the aromatic amidine. On the other hand, the second 
procedure, involving extraction of the aromatic amidine with butyl aleo- 
hol, allows analysis of smaller quantities of the compound but requires 
more time.® 

Preparation of Protein-Free Centrifugate of Plasma—For the determina- 
tion of p-carbethoxybenzamidine, protein may be removed from the plasma 
by precipitation with tungstic acid (6) or with trichloroacetic acid. How- 
ever, these methods are entirely unsatisfactory for the removal of protein 
from plasma for the determination of stilbamidine, inasmuch as this com- 
pound is lost by adsorption upon the protein precipitate. The following 
procedure for removing protein with dialyzed iron (7, 8) has been employed 
successfully for the preparation of filtrates for determination of stilbami- 
dine, propamidine, pentamidine, phenamidine, and p-carbethoxybenza- 
midine. 

5.0 ml. of plasma or serum are introduced into a 50 ml. Erlenmeyer flask. 
Exactly 15.0 ml. of distilled water are added and the flask is immersed in 
boiling water for several minutes (3 minutes usually being adequate) until 
the diluted plasma shows definite turbidity. At this point, 3.0 ml. of 
dialyzed iron are added dropwise with constant swirling of the flask. The 
flask is heated in the water bath for an additional 2 minute interval; 
then 2.0 ml. of sodium sulfate solution are added dropwise with constant 
agitation of the flask. The solution is cooled to room temperature, trans- 
ferred to a centrifuge tube, and centrifuged for 5 to 10 minutes. Here it 
is well to note that the mixture should not be filtered at this point inasmuch 
as this would lead to loss by adsorption upon the paper. The centrifugate 
should be colorless but may be faintly turbid. Even when slightly turbid, 
it may be used since it can be clarified by filtration through sintered glass 
after the reaction with glyoxal and benzaldehyde. The centrifugate con- 
stitutes a 1:5 dilution of the original plasma. A 10 ml. portion of the 
centrifugate is used for the reaction with glyoxal and benzaldehyde. 

A blank is necessary to compensate for the traces of substances in normal 
plasma and in the reagents which yield slight fluorescence under the con- 
ditions described. In order that the blank may be determined upon 


6 With 5 ml. samples of plasma, stilbamidine can be determined in a limiting con- 
centration of about 50 y of the base per 100 ml. of plasma when analyses are con- 
ducted upon samples deproteinized with dialyzed iron. Smaller concentrations 
can be determined when the plasma is extracted with butanol, particularly when 
fluorescence is measured with the Coleman instrument. 
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another aliquot of the same sample in which the aromatic amidine is being 
determined, the aliquot for the blank is subjected to alkaline hydrolysis for 
destruction of the aromatic amidine before conducting the reaction for 
development of fluorescence. 

The procedure is as follows: A 10.0 ml. portion of the protein-free cen- 
trifugate of plasma (as described above) is placed in a 125 ml. Erlenmeyer 
flask, 1.0 ml. of NaOH solution is added, and the flask is immersed in a 
bath of boiling water for 15 minutes in order to hydrolyze the amidine. 
During the hydrolysis, evaporation of the solution is minimized by cover- 
ing the mouth of the flask with a small, inverted funnel. At the end of this 
period, the flask and contents are cooled to room temperature, and 0.4 
ml. of glyoxal solution and 0.5 ml. of benzaldehyde solution are added. 
The mixture is shaken for 45 minutes. Then the solution is diluted with 
10.0 ml. of alcohol-ether solution, filtered if necessary, and the fluores- 
cence is measured after 15 minutes. 

Extraction of Aromatic Amidines with Butyl Alcohol—A 5 ml. sample of 
plasma is placed in a 50 ml. centrifuge tube having a constricted neck; 
25 ml. of n-butanol are added, and the tube is stoppered and shaken for 2 
minutes. After centrifugation, the butanol extract is decanted. The 
plasma protein is extracted again with another 25 ml. portion of butanol, 
and the extracts are combined. After acidifying to Congo red by addition 
of dilute sulfuric acid, the extract is evaporated to dryness by distillation 
of the butanol in vacuo at 40-60°. The residue in the flask is dissolved in 
12 ml. of distilled water, and the acid solution is extracted with 10 ml. of 
chloroform for the removal of lipides and bilirubin. A 10 ml. portion of 
the aqueous phase is removed with a pipette, transferred to a flask, and the 
reaction with glyoxal and benzaldehyde is conducted in the usual manner. 
Fluorimetric measurements are made after addition of ethanol-ether. 
The amount of amidine in the final solution corresponds to that which is 
contained in 4.17 ml. of the plasma sample. A blank determination is 
conducted upon another extract which is boiled in alkaline aqueous solu- 
tion prior to addition of glyoxal and benzaldehyde. 

Calculation—When both the standard and the unknown are in the range 
in which prior determinations have demonstrated that the intensity of 
fluorescence bears a direct linear relationship to the concentration of the 
amidine, the amount of the amidine in the final solution, xz, is calculated 
from the quantity of amidine in the final standard solution, S, as follows: 


SCI, = Th) 
(I, — r) 


in which J,, Js, J., and J, are the intensity readings (on a linear scale) 
of the unknown, the combined plasma and reagent blank, the standard, and 
the reagent blank, respectively. 
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Determination of Aromatic Amidines in Urine 


An accurately measured sample’ of urine is placed in a 125 ml. Erlep- 
meyer flask, and after dilution to 10 ml. with distilled water, 0.8 ml, of 
glyoxal solution and 1.0 ml. of benzaldehyde solution are added. After 
the contents of the flask are mixed, 2 ml. of 10 N NaOH are added drop. 
wise with constant agitation of the flask. The flask is shaken mechani- 
cally for 45 minutes at room temperature. At the end of this reaction 
period the glyoxaline derivative is extracted from the alkaline aqueous 
solution with exactly 20 ml. of n-butanol, the phases being separated by 
centrifugation. The aqueous layer is discarded. The butanol extract js 
washed once by shaking with 10 ml. of approximately 0.1 N NaOH. After 
centrifuging, the aqueous washing is discarded. To exactly 15 ml. of the 
butanol extract, 5 ml. of ethyl ether are added, and after the solution has 
been maintained for 15 minutes at room temperature, it is filtered (What- 
man paper No. 42). The fluorescence of the solution is measured in the 
usual manner. A blank determination is conducted similarly upon an 
equal volume of urine which, after dilution to 10 ml., is treated with 2 
ml. of 10 N NaOH and boiled for 15 minutes prior to addition of the other 
reagents. 

Samples of urine frequently contain extraneous compounds which in- 
hibit the reaction of aromatic amidines with glyoxal and benzaldehyde. 
In addition, the distribution coefficient of the glyoxaline derivative between 
butanol and an alkaline aqueous solution of urine differs somewhat from 
the coefficient for the distribution between butanol and a pure alkaline 
aqueous phase (at the same pH). For these reasons, the following pro- 
cedure is used for the preparation of standards and for calculation of the 
amount of aromatic amidine in the sample under analysis. To another 
sample of the urine exactly equal in volume to the original one, a known 
amount? of the aromatic amidine is added, and the reaction and subsequent 
extraction are conducted exactly as described for the original, unfortified 


7 The sample should contain 2 to 10 y of stilbamidine. A preliminary analysis to 
determine the approximate concentration of the amidine is advisable. In order to 
minimize difficulty with inhibitory substances and with the natural urinary pig- 
ments, samples of urine should be less than 5 ml., provided that this volume shall 
contain more than the minimum quantity of amidine. If a sample larger than 5 
ml. is required, the quantities of reagents should be increased. For samples of 5 to 
10 ml., the following volumes of reagents should be used: 1.2 ml. of glyoxal solution, 
1.5 ml. of benzaldehyde solution, and 3 ml. of 10s NaOH. Samples larger than 10 
ml. usually cannot be analyzed successfully. 

* Preferably, the amount of amidine added to the sample should be in the range 
of 50 to 100 per cent of the amount already present. This is estimated from the pre- 


liminary analysis (see foot-note 7). 
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The amount of aromatic amidine present in the original sample, 





sample. 
z, is calculated from the following equation, 
s(I, — Ih) 
z= -—— ae 
(I, — Is) 


in which s is the amount of aromatic amidine added to the standard sample 
of urine, and J,, J., and J, are the intensity readings (on a linear scale) 
of the original sample, the standard sample to which a known amount of 
amidine was added, and the urinary blank, respectively. Some increase 
in accuracy can be attained by graphical computation of the amount of 
amidine in the urine from the data obtained with a series of standards 
prepared by adding a series of measured quantities of the amidine to ali- 
quots of the urine. 


DISCUSSION 


Ekeley et al. (5) have presented evidence that the principal product 
of the reaction of an arylamidine with glyoxal and benzaldehyde in alka- 
line aqueous solution is a 2-aryl-4-benzal-5-glyoxalidone. The reaction 
conditions which we have adopted for this analytical method differ some- 
what from those used by Ekeley and Ronzio (4) for preparative purposes. 
However, on the basis of spectrophotometric absorption data and the 
characteristics of the fluorescence of the products of the reaction, it appears 
that similar glyoxalidone derivatives are produced in the procedure adopted 
for analysis. The spectrophotometric absorption curves (see Fig. 1) of 
the product of the reaction of stilbamidine with glyoxal and benzaldehyde 
were obtained by measurements with a Beckman photoelectric quartz 
spectrophotometer, model DU, with a nominal band width of about 2 
mu. The molecular extinction coefficients were calculated from the 
concentration of stilbamidine with the assumption that the reaction was 
stoichiometric. It is unlikely that this assumption was strictly valid, 
and it should be emphasized that the product of the reaction was not 
isolated. These spectrophotometric data are expressed in terms of ex- 
tinction coefficients merely to facilitate comparison of the effects of various 
solvents. 

Fluorescent products are produced in this reaction by the following 
aromatic amidines which we have examined: p-carbethoxybenzamidine, 
stilbamidine, propamidine, pentamidine, and phenamidine.’ For general 
applicability to aromatic amidines, this method has considerable advan- 
tage over the procedure of Fuller (2) which is stated not to yield fluorescent 


* Samples of propamidine, pentamidine, and phenamidine were donated by Merck 


and Company, Inc. 
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products with certain aromatic amidines, e.g. propamidine. In addition, 
the present method is less dependent upon the concentration of reagents, 











Fic. 1. Spectrophotometric absorption curves for the glyoxalidone derivative pro- 
duced by reaction of stilbamidine with glyoxal and benzaldehyde in alkaline aqueous 
solution. Absorption was measured in the following solvents: O aqueous solution, 
pH 13.5; @ mixture of water-ethanol-ethy] ether (11.4:9:1, by volume) ; @ mixture of 
n-butanol-ethyl ether (3:1, by volume). 


TABLE I 


Reproducibility of Method As Applied to Pure Aqueous Solutions 











Average deviation of single 





No. of determinations (m) | Amount of stilbamidine determination® (6 
Y per cent 
5 1 4.6 
10 2 3.6 
10 5 | 3.3 
9 8 | 3.1 
12 10 3.4 
1] 15 3.6 








* The average deviation, a, of a single determination is given by the equation, 
a = +(Zv/n) in which 2» is the sum of all the deviations from the average and 
n is the number of measurements. 


and it provides a more nearly linear relationship between the intensity 
of fluorescence and the concentration of the aromatic amidine. The 
following substances, which were selected because of the probability of 
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their presence in biological fluids and the possibility of reaction, either 
do not react with the reagents or the products of the reaction are not fluo- 
rescent: aliphatic amidines, guanidine, arginine, creatine, creatinine, urea, 
ammonia, and uric acid. Urine and protein-free centrifugates of plasma 


TABLE II 
Analytical Recovery of Stilbamidine from Plasma (Filtrates Prepared with Dialyzed 
Tron) 





Concentration of stilbamidine in plasma iiicitisiats dinalenbaii 
Average analytical | , glee , 


| 
} | 

No. of eee —— alee 2s ——— } of single 
recovery | 


determinations Theoretical Dommmiest determination, + 
— meg. per 100 ml. me. per 100 ml. per cent | per cent 
11 0.100 0.089 89.0 | 7.9 
14 0.300 0.265 88.3 6.3 
8 0.500 0.458 91.6 5.5 
8 0.700 0.644 92.0 4.8 
S 0.900 0.865 96.1 4.5 


TABLE III 


Analytical Recovery of p-Carbethoxrybenzamidine from Blood and Plasma 


Concentration of p-car- 


bethoxybenzamidine in | Average 
am . No. of de- plasma or whole blood Average deviation 
Type of sample terminations ay Saat analytical of single 
‘ recovery determina- 
Theoretical ——- ae, te 
100 pa "00 ” per cent per cent 
Plasma, deproteinized with S 0.100 0.093 93.0 | 9 
tungstic acid 6 0.300 0.289 96.3 6 
6 1.00 0.983 98.3 4 
Whole blood, deproteinized 6 0.300 0.269 89.6 | 9 
with tungstic acid S 1.00 0.934 93.4 | 7 
Plasma, deproteinized with 6 0.100 | 0.090 90.0 8 
dialyzed iron 6 0.400 0.389 | 97.2 | 6 
6 1.00 0.934 93.4 4 
Plasma, extracted with n- 6 0.030 0.026 87 9 
butanol 6 0.100 0.092 92 a 


6 0.300 0.285 | 95 6 


yield satisfactorily small blank determinations, and the weak fluorescence 
exhibited by the blanks appears to be due principally to traces of pre- 
formed fluorescent compounds in the urine, plasma, and solvents rather 
than to products of reaction with the reagents. 

Data concerning the reproducibility of the reaction as applied to pure 
aqueous solutions and pertaining to analytical recoveries from urine and 
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plasma are presented in Tables I to IV. The principal source of logs of 
aromatic amidines in the analysis of plasma is the adsorption of amidines 
upon proteins. The loss is small and is sufficiently consistent to permit 
application of correction factors. The data recorded in Tables I to Iy 
are uncorrected. 


SUMMARY 


A method is described for the fluorimetric determination of aromatie 
amidines (stilbamidine, propamidine, pentamidine, phenamidine, and >. 
carbethoxybenzamidine) in plasma and urine. The method is based 
upon the formation of fluorescent glyoxalidone derivatives by the reaction 


TaB_Le IV 


Determination of Stilbamidine in Urine 


—_—__—_ ee = 





Average recovery and average deviation of single 





Concentration of : a drat determination 
stilbamidine in urine No. of determinations — 
Calculated from equation Calculated graphically 

meg. per 100 ml per cent per cent 
0.033 i 95.7 + 7.8 94.5 + 6.5 
0.133 7 97.7 + 6.8 102.1 + 6.0 
0.200 6 96.6 + 5.9 106.3 + 5.2 
0.267 5 102.7 + 5.6 100.6 + 4.8 


of aromatic amidines with glyoxal and benzaldehyde in alkaline aqueous 
solution. The sensitivity of the method is sufficient to permit analysis of 
samples which will provide a minimum of 0.5 y of stilbamidine in the final 
solution. 
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THE URINARY SULFUR PARTITION IN NORMAL AND 
CYSTINURIC DOGS FED LABELED METHIONINE* 


By HAROLD TARVER anp CARL L. A. SCHMIDT 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


(Received for publication, August 3, 1946) 


In 1935 Brand and coworkers (1) discovered a cystinuric Irish terrier. 
Since that time several other cystinuric dogs, including two Scotch terriers 
(2), have been either discovered or bred from the original stock. It might 
have been supposed that with this stimulus the problem of cystinuria would 
have been clarified. Such is apparently not the case. 

Brand and coworkers (3) have investigated various aspects of the 
problem and have shown that the condition in dogs is comparable to that in 
human subjects. The direct determination of cystine in the freshly voided 
urine is often impossible, owing to the presence of some interfering sub- 
stance, so that it is necessary either to let the urine age or to separate the 
cystine by precipitation with cuprous salts. Similar interference is found 
in some human cystinuric urines (4). 

More recently Hess and Sullivan (5) have shown that the extra cystine 
excretion, after feeding methionine or cysteine, is greater when the animals 
are on a low protein diet than on a high protein diet. The same results are 
obtained in human cystinuria (6). Hess and Sullivan have also studied the 
relation between the nature of the protein in the diet and the cystine excre- 
tion. They found that on a casein diet (low cystine) feeding methionine 
caused an excretion of more extra cystine than did the feeding of cysteine, 
whereas on an arachin diet (low methionine) the reverse was true. Also, 
on an arachin diet the cystine output was uniformly less than on a diet con- 
taining a similar per cent of casein. In this connection it should be re- 
membered that the total sulfur of arachin is about half that of casein. 
From their studies on human cystinuria Brand and coworkers (7) con- 
cluded that the behavior of cystine, cysteine, and methionine, when fed as 
protein, was the same as after feeding equivalent amounts of the free acids. 

Hess and Sullivan (8) have also observed the behavior of various sub- 
stances when fed to cystinuric dogs. Cysteine and methionine definitely 
gave extra cystine in the urine, glycyleysteine and homocysteine had doubt- 


* Aided by a grant from the Rockefeller Foundation. 

This paper was prepared by the senior author after the demise of Professor C. L. A. 
Schmidt on February 23, 1946. He assumes the responsibility for the presentation 
and interpretation of the data. 
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ful effects, and cystine as well as various derivatives had no effect. Simily 
observations have been made on human cystinuric individuals, and hay 
led to the conclusion that the metabolic error in cystinuria is concerned 





with the handling of fed cysteine or that which can arise from dietary 


methionine (7). 

We thought that it might be possible to obtain further information cop. 
cerning this condition by using methionine labeled with radioactive sulfy 
and by injecting the amino acid instead of feeding it. With unlabeled 
methionine it would be difficult to inject a sufficient amount to alter the 
sulfur partition. 

We have avoided all difficulties with the inhibitors previously mentioned 
by separating the cystine from the urine as the cuprous salt and determining 
the cystine, in the product freed of copper, by Sullivan’s method. . 


Methods 


Experimental Animals—The three dogs used in these studies were Irish 
terriers, one being a control and the other two cystinuric. They were fed 
throughout on a diet of Purina dog chow fortified with Galen “B” and fish 
liver oil. During experimental periods the dogs were kept in metabolism 
cages. Urine and cage washings were collected daily, and preserved with 
toluene. 

Methionine—Methionine marked with radioactive sulfur (S*) was syn- 
thesized by the method described previously (9). 

Urine Analysts—The urine was clarified by filtering through a layer of 
Hyflo Super Cel which, according to our findings and to a private com- 
munication from Dr. E. Brand, does not adsorb any of the sulfur compounds 


concerned. 


A 200 ml. aliquot of the 24 hour specimen of urine was freed of phosphate | 


by the addition of 20 ml. of 12.5 per cent ammonium chloride, 3 gm. o 
magnesium carbonate, and sufficient ammonia to make the solution alkaline 
to phenolphthalein (10). The volume was made up to 250 ml. and filtered 
after standing at least 1 hour. 

The total sulfur was determined in duplicate on 25 ml. portions of the 
filtrate by digesting with 15 ml. of Pirie’s reagent (11). The digestion was 
accomplished in 100 ml. Kjeldahl flasks on a sand bath. After the 3 to4 
hour digestion period any remaining perchloric acid was boiled off on a free 
flame. The dark brown or black residue was dissolved in a small volume 
of 6 N hydrochloric acid and reevaporated to dryness, dissolved in water, 
and the sulfur determined by titration of the benzidine sulfate precipitate, 
according to Fiske (10). 

Total sulfate and inorganic sulfate determinations were made in duplicate 
on 50 ml. aliquots of the filtrate, the first before and the last after hydrolysis 
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with hydrochloric acid. The acid was evaporated off on the steam bath, 
leaving a black residue which was well extracted with water, filtered, and 
the sulfate determined as before. 

Cystine was determined on a convenient volume of the original Super Cel 
filtrate, 25 ml. for the cystinuric urine and 100 ml. for the normal urine. 
The urine was buffered at pH 4.7 with acetate, then precipitated with a 
5fold excess of cuprous chloride reagent. ‘This reagent consisted of 99 
gn. of cuprous chloride (1 mole), 224 gm. of potassium chloride (3 moles), 
made up to | liter with 0.05 N hydrochloric acid, and preserved with copper 
wire. After shaking for some time, the reagent is colorless and remains 
stable indefinitely in a well stoppered bottle. The precipitate was freed 
of copper and the cystine was determined according to the method of 
Rossouw and Wilken-Jordan (12). A standard cystine solution, similarly 
precipitated, was used for comparison on the Klett-Summerson photo- 
electric colorimeter, with the blue filter. The standards employed had 
approximately the same concentration of cystine as the unknown. 

Isolation of Cystine from Urine—Cystine was isolated from the remainder 
of the urine after removal of the aliquots necessary for the determinations 
previously described by precipitating as the cuprous salt and decomposing 
with hydrogen sulfide. The filtrate from the sulfide treatment was distilled 
todryness at reduced pressure on the water bath. Cystine was separated 
by isoelectric precipitation, redissolved in sulfuric acid, and reprecipitated 
withammonia. Pirie’s reagent was used to convert the cystine to sulfate 
for sulfur and radioactivity determination. Occasionally samples of 
cystine were badly discolored. Such preparations were decolorized with 
norit A. Care was always taken to avoid contamination with sulfur from 
thedecomposition of H.S. The isolation of radioactive cystine from normal 
urine was facilitated by the addition of 60 mg. of inactive cystine to each 
sample. 

Determination of Radioactivity—Radioactivity determinations were made 
on the same samples used for sulfate determination by precipitating the 
sulfate with barium, after first filtering off the free benzidine. The sulfate 
precipitations were all made from acid solution under rigorously controlled 
conditions so that the state of the various precipitates was uniform. To 
samples which, according to the titration values, contained less than 0.25 
mm of sulfate, inactive sulfate was added to make up the deficit. The 
barium sulfate precipitates were filtered onto an area of 11.3 sq. cm. with 
No. 42 Whatman paper, and in such a manner that the precipitate was quite 
evenly distributed. 

The actual counting was done with either a screen-walled tube or a 
bell tube with a thin mica window supported by a metal grid (13). The 
mica in the windows of these tubes weighed less than 5 mg. per sq. cm. 





390 LABELED METHIONINE IN CYSTINURIC DOGS 


Comparisons made between screen-walled tubes and bell tubes with the 
same samples usually showed a difference in count of 5:1 in favor of the 
former. With windows of minimum thickness (2 to 3 mg. per sq. em, 


and with samples as near the window as possible the efficiency of the bel} 
‘ 


type can be somewhat improved. 
Plasma Proteins—Plasma proteins were precipitated with 10 per cent 
trichloroacetic acid, washed well with 4 per cent of the same, digested with 


Pirie’s reagent, and the sulfate determined as described already. The | 


oxalated blood samples taken were 10 to 20 ml. 

Terminology—lIn a previous communication (9) we have used the term 
specific activity (S.A.) meaning radioactivity (in counts per minute) per 
milliequivalent of sulfur. (2 milliequivalents = 1 mM of sulfur.) Also we 
have used the term per cent replacement (relative activity is used by other 
authors for the same ratio). 


S. A. of sample < 100 


% replacement = — : neal 
S. A. of methionine 


With these terms it is impossible to make comparisons between animal 
of different weights fed different amounts of radioactive compounds. In 
order to obviate this difficulty we propose to use henceforth a new method 
of comparison which we shall refer to as the standard replacement, or 8. R. 


e S. A. of sample X 18 kK W 
8.R. = —— —~ ~ 
S. A. of methionine X ( 


W = the weight of the animal in kilos; C = radioactivity in the dos 
(counts per minute). S. R. is thus the numerical value for replacement 
calculated on the basis of a radioactive dose of 10° counts per minute for 
each kilo of animal. 
RESULTS AND DISCUSSION 

The results of three typical experiments are given in Tables I, IT, and IIL. 
In the normal dog the cystine sulfur comprises 4 per cent of the neutral 
sulfur fraction of the urine. In the eystinuric dogs this fraction is 13 and 26 
per cent in Dogs 1 and 2 respectively. The average cystine excretion is 84 
mg. per day in the normal dog and 36 and 140 mg. in the two cystinune 
animals. One of the cystinuric dogs has therefore a rather low excretion d 
the substance. Otherwise the sulfur partition in these dogs is about & 


might be expected. 

With regard to the radioactivity excretion the most notable is the low 
excretion of radioactive products during the whole period of 4 days, and it 
pa:ticular in the Ist day. Most of the dose (97 per cent or more) is te 
tained in the animal after 1 day, and the most excreted in 4 days is a littl 
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TABLE I 
Sulfur and Radioactivity Partitions in Urine of Normal Dog Given Labeled Methionine 


Weight, 13.5 kilos (female). Methionine, 13.7 mg. with 410,000 counts per minute, 





























subcutaneously. 
S. R. = standard replacement (see below). 
Ee ae = cal — snitch 
Day 1 Day 2 Day 3 Day 4 

: Per cent ¢ Per cent! ¢« Per cent Per cent 

Sulfur total Sulfur total Sulfur total Sulfur total 
ee oe oa 

Sulfur partition 

a — as = 

m.eq. m.eq. m.eq. m.eq. 
Total sulfate 17.2 Sl 14.8 82 10.4 74 19.2 82 
Jnorganic sulfate. 15.6 74 12.0 66 8.6 61 17.0 73 
Total sulfur rs 100 18.1 100 14.0 100 23.4 100 
Cystine sulfur... 0.138 0.65 0.174 0.60 0.115 0.82.) 0.130 0.56 
Neutral ‘“* f.. 4.0 19 3.3 1S 3.6 26 4.2 18 

Radioactivity partition 
Per cent . Per cent ~ Per cent . Per cent 

°- totaldose > totaldose > total dose S. R. total dose 
Total sulfate 0.35 1.00 0.38 0.93 0.35 0.61 0.27 0.86 
Inorganic sulfate. 0.38 0.98 0.40 0.80 0.36 0.51 0.30 0.85 
Total sulfur 0.70 2.46 0.50 1.50 0.46 1.07' 0.41 1.59 
Cystine sulfur*. 1.23 0.09 1.26 0.05 0.67 0.03) 0.75 0.04 
Neutral i as 2.18 1.46 1.04 0.57 0.78 0.46 1.06 0.73 
Plasma protein.. 0.82 0.75 0.83 0.67 


Example of the calculation of standard replacement from the original data (total 
sulfate for Day 1) 
Sample of total sulfate contained 1.035 milliequivalents of sulfur with 248 counts 
per minute. 
410,000 & 149 


S. A. of methionine = 13 7K 2 = 2.23 X 10° 
-é — 
S. A. of sample = 248 + 1.035 = 240 
; 240 K 108 X 13.5 2 
. 3 ee ———— = (0.35 


2.23 X 10° K 4.10 XK 10° 
*The standard replacement is calculated for the cystine actually present in the 
urine as follows, with the data for Day 2: cystine sulfur in 24 hour urine specimen 
1115 ml.) 0.174 milliequivalent. To 714 ml. of this urine were added 60.0 mg. of 
eystine ballast : 0.635 milliequivalent of cystine sulfur with 54.3 counts per minute 
was isolated. 
714 60.0 XK 4 
pee: oly ecpuene 


Total cystine sulfur present in 714 ml. = 0.174 X —— = 1.11 m.eq. 
3 1e SU p esent 1n 4 Ih ‘ 1115 240 eq 
. recon 2 ' , : 1.11 1115 ; 
Total radioactivity in urine cystine = 54.3 X — — i. = 148 counts per minute 
; : 0.635 714 


Heace the S. A. of cystine = 148.0 + 0.174 = 851. Substituting this value in the 
8.R. formula, as indicated above, gives S. R. 1.26. 

t The neutral sulfur values were obtained by subtracting total sulfate from total 
sulfur, the corresponding S. R. values by substituting the differences in the radio- 
activities of these fractions in the S. R. formula. 
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more than 12 per cent. From the figures on the standard replacement jp 
plasma protein it is obvious that the major part of the dose must be fixed 
into body proteins. We have previously shown such incorporation into 
body protein of bile fistula dogs and rats (9) and in normal dogs and rats 


° pa ‘ . } 
(unpublished data). The great difference between these and ordinary 


metabolic experiments should be kept in mind in interpreting the data, 
namely the small doses used (less than 14 mg. of methionine). Mog 


TABLE II 


Sulfur and Radioactivity Partitions in Urine of Cystinuric Dog 1 Given Labeled 
2 : . : ] éled 

Methionine 
‘ 


Weight, 14.5 kilos (male). Methionine, 13.7 mg. with 410,000 counts per minute, 


intravenously. 





Day 1 Day 2 Day 3 Day4 
~ 1¢ Percent 7; Percent aifie | Percent : Per cent | 
Sulfur total Sulfur cotieal Sulfur total Sulfur total 
Sulfur partition 
m.eq. m.eg meg m.eq. 
Total sulfate 11.2 70 16.1 79 17.4 77 12.9 79 
Inorganic sulfate.. 8.1 51 13.4 66 14.8 66 10.8 66 
Total sulfur 15.9 100 20.4 100 22.5 100 16.4 100 
Cystine sulfur 0.809 5 0.465 2 0.708 3 0.406 2 
Neutral ~ 1.7 30 t.3 21 §.] 23 3.0 21 
Radioactivity partition 
Per cent > = Per cent » Per cent . Per cent 
S. R. totaldose’ ~- * totaldose >» R. total dose Ss. R total dose 
Total sulfate 0.31 0.53 0.22 0.4 0.13 0.34. 0.06! OM] 
Inorganic sulfate 0.33 0.42) 0.22 0.44. 0.12 0.28 0.09 0.15 
Total sulfur 1.13 2.758, 0.49 1.52) 0.31 1.07. 0.29 0.74 
Cystine sulfur 5.19 0.12 1.60 0.02; 1.28 0.03 1.05 0.01 
Neutral 3.07 2.25; 1.49 0.99 0.91 0.73 0.95 0.3 
1.13 1.02 1.06 


Plasma protein.. 1.28 


See the notes below Table I 


experimenters feed several hundred times this dose when the substances 
not labeled. 

The standard replacement of urinary cystine sulfur is higher in the two 
eystinuric animals, particularly on the Ist day after feeding the marked 
methionine. This may mean that, in the cystinuric animal, cystine ® 
more rapidly formed from methionine and excreted than in the normal. 
The same is true of the standard replacement of the sulfur in the neuttl 
sulfur fraction. Metabolically the other components of the neutral sulft 
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fraction must be related quite closely to methionine (and cystine). The 
neutral sulfur in all animals is more radioactive than are the sulfate 


fractions. 
In general the free sulfate and total sulfate have very nearly the same 


activity. 


TaBLe III 
Sulfur and Radioactivity Partitions in Urine of Cystinuric Dog 2 Given Labeled 
| Methionine 
Weight, 18.5 kilos (male). Methionine, 11.4 mg. with 342,000 counts per minute, 
subcutaneously. 


Day 1 Day 2 Day 3 Day 4 


. Per cent! ¢ Per cent’ ¢« Per cent Per cent 
XS 
Sulfur total Sulfur tonak * Sulfur | total Sulfur total 


Sulfur partition 








m.eg m.eq. meq. m.e]. 
Total sulfate 41.8 77 24.5 73 19.0 73 31.7 75 
Inorganic sulfate 31.6 5S 18.7 56 14.5 55 23.9 56 
Total sulfur 54.6 100 33.4 100 | 26.1 100 42.3 100 
Cystine sulfur 2.26 4.1 2.22 6.6 | 2.08 8.0 | 2.83 6.7 
Neutral ‘ 12.8 23 8.9 27 oul 27 10.6 | 25 





Radioactivity partition 


s. R. | Percent! ¢ p Per cent | Ss. R. Percent! ¢ p | Percent 











total dose total dose total dose total dose 
Total sulfate 0.30 1.54 0.36 1.08; 0.27 0.61; 0.21) O.81 
Inorganic sulfate | 0.27 1.04 0.41 0.92} 0.27 0.48! 0.22 0.63 
Total sulfur 1.05 6.93 0.62 | 2.48 0.44 1.39) 0.28 1.43 
Cystine sulfur 3.10 0.15} 1.25 | 0.02} 1.30 0.09) 1.35 0.05 
Neutral “ | 3.48 5.38 1.31 1.41 0.91 | 0.77; 0.49 0.62 


Plasma protein | 1.04 0.78 0.78 


See the notes below Table I. 











We are greatly indebted to Dr. E. Brand for the loan of the dogs used in 


_ these experiments. The radioactive sulfur was supplied by the Radiation 


laboratory of this University through Dr. J. G. Hamilton, to whom our 
best thanks are due. 


SUMMARY 


1. When labeled methionine in small doses (1 mg. per kilo) is injected into 
hormal or cystinuric dogs, 97 per cent or more of the dose is retained in the 
animal. In a 4 day period 12 per cent or less is excreted in the urine. 
The substance is probably synthesized into body protein. 
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2. The radioactivity of the cystine sulfur is higher in the cystinuric thay 





in the normal animals. This may indicate some abnormality in the rate o 
formation or excretion of cystine in the cystinuric animal. 


es 


2. 
6. 


3. The radioactivity of the neutral sulfur fraction of the urine is higher 
than that of cystine sulfur in two instances out of three, and high in al 
cases. A close metabolic relationship between the components of this 
fraction and methionine is indicated. 
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METHIONINE LABELED WITH RADIOACTIVE SULFUR 
AS AN INDICATOR OF PROTEIN FORMATION 
IN THE HEPATECTOMIZED DOG 


By HAROLD TARVER anp W. O. REINHARDT 


(From the Divisions of Biochemistry and Anatomy, University of California 
Medical School, Berkeley) 


(Received for publication, July 30, 1946) 


The evidence indicating the site of origin of plasma proteins has been 
reviewed by several authors (1-3). It is now generally believed that the 
major part of the plasma protein originates in the liver, but that part, par- 
ticularly of the globulin fraction, may be formed in other tissues. Fibrino- 
gen probably arises in the liver because this fraction falls when the liver 
function is inhibited with agents such as chloroform, or when the liver is 
removed. With regard to the origin of albumin and globulin, the evidence 
ismore ambiguous. In Eck fistula dogs the rate of regeneration of plasma 
proteins is estimated to be only one-tenth of that in normal dogs (4, 5) and 
in the hepatectomized dog protein may enter the circulation from some 
organ other than the liver (6, 7). Globulin probably arises to some extent 
in organs other than the liver, as is indicated by the high plasma globulin 
values in multiple myeloma, kala azar, and lymphogranuloma inguinale, all 
of which implicate the bone marrow or white blood cells as a source. The 
weight of recent immunological evidence shows that the reticulo- 
endothelial system and, in particular, the lymph nodes and lymphocytes 
are concerned in the formation of y-globulin (3, 8-11). 

In previous experiments we have shown that labeled methionine fed in 
small amounts is incorporated into body proteins (12). The assumption is 
made that this indicates protein synthesis; that is, the incorporation of 
methionine into protein by the formation of new peptide bonds. Methio- 
nine sulfur is normally converted to cystine sulfur, which is likewise in- 
corporated in the protein molecule, presumably as the result of peptide 
bond formation (13). The present experiments were designed to determine 
whether in the liverless dog methionine can be incorporated into tissue 
proteins. We have also investigated the cystine sulfur of the tissue pro- 
teins of the liverless dog to see whether this animal is able to convert 
methionine sulfur into cystine sulfur, as is the case in the normal animal. 

To check the efficiency of washing of proteins to remove free labeled 
methionine, and to rule out the possibility of any simple exchange between 
free methionine and protein-bound methionine, whole blood has been incu- 
bated with labeled methionine for different periods of time. The proteins 
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were precipitated and washed repeatedly. Analyses were then made ty 
determine the extent of binding of the labeled methionine. 


Methods 


Experimental Animals and Technique of Hepatectomy—Total removal of 
the liver was carried out in a one-stage operation according to the technique 
of Firor and Stinson (14). Two control animals underwent sham oper. 
tions designed to simulate the operative conditions of hepatectomy. Ip 
these controls, the portal vein and the inferior vena cava were obstructed 
for the same length of time as in those animals in which the liver was 


actually removed. Sodium pentobarbital by intraperitoneal injection was / 


employed as the anesthetic agent throughout the course of the experiments, 
In addition, 100 ml. samples of blood were removed from the control azi- 
mals to provide blood for in vitro experiments. Shortly after the comple. 
tion of the operation, an appropriate dose of methionine was injected intn- 
venously into the animals. The animals were maintained throughout the 
duration of the experiments with injections of 25 per cent glucose. After 
varying intervals of time, the animals were sacrificed and samples of blood 
and tissues were taken. The proteins of these samples were then analyzed, 
as described under ‘‘Preparation and treatment of protein samples” belov. 

In Vitro Incubation—100 ml. of whole heparinized blood from each of the 
animals having the sham operation were incubated with labeled methionine 
for either 2 or 5 hours at 37°. After incubation, the plasma was separated, 
precipitated with 10 per cent trichloroacetic acid, and washed six or ten 
times with 4 per cent trichloroacetic acid. (The first three of these washe 
contained 15 mg. per cent of ordinary methionine to act as the carer. 
The washed proteins were made into samples for radioactivity determ: 
nation. 

Methionine—Labeled methionine was synthesized from barium sulfate, 
as previously described (12, 13). The dose of methionine given to the 
experimental animals varied between 0.62 and 1.05 mg. per kilo of body 
weight.! 

Preparation and Treatment of Protein Samples—The tissues were mincel 
and washed four to six times with 4 per cent trichloroacetic acid, afte 
precipitation with a 10 per cent solution of the same acid. The first tw 
wash solutions contained 12 mg. per cent of cystine and 15 mg. per centd 
methionine. For convenience the residue will be referred to as proteit 
The protein sulfur was converted to sulfate and determined as previous! 
described (12, 13). 

Plasma proteins were fractionated by the sodium sulfate method (15) 


1 There is no reason to believe that this difference in dosage would cause any pe 
ceptible difference in the per cent incorporated into protein. 
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The fractions were each washed with trichloroacetic acid until free of sulfate 
and made into samples for radioactivity determination. 

For the isolation of cystine, part of the total protein of liver (in the sham- 
operated controls), kidney, pancreas, and intestinal mucosa of each animal 
was completely hydrolyzed by refluxing for 24 hours with 8 nN HCI (5 ml. of 
HCl were used per gm. of dried protein). The HCl was removed at reduced 
pressure, the residue dissolved in water, filtered, and the filtrate adjusted 
topH 4.0. The cystine was precipitated from the filtrate with cuprous 
chloride and washed with buffer, its sulfur being converted into sulfate for 
determination (13). 

RESULTS AND DISCUSSION 

Table I shows that in a period of 2 to 5 hours considerable sulfur is 
incorporated into the tissue proteins of both the control sham-operated 
animals and the animals with their livers completely removed. The figures 
show that in the animals without the liver as much, or more, of the labeled 
amino acid was incorporated into their proteins as in the animals with the 
liver. Thus the liver is not essential for synthesis of protein in other 
tissues. It is reasonable to expect that animals without the liver might 
show a greater incorporation of amino acid into other tissues because the 
amount of amino acid available for these tissues is greater in such anjmals. 
The liver in the control animal takes up a fairly large fraction of the total 
dose injected. 

It is again shown that intestinal mucosa is exceptionally active in the 
incorporation of amino acid into protein. 

The activity of the total plasma protein in the liverless animal is about 
one-twentieth that of the control animals, and the albumin is reduced to 
approximately the same extent. The globulin in the liverless animal, 
however, has about one-seventh the activity of this fraction in the normal 
animal. Consequently it is necessary to conclude that the liverless animal 
retains a significant fraction of the control animal’s capacity to synthesize 
globulin. 

Analyses of the plasma albumin fractions in the hepatectomized animals 
provide definite evidence for the incorporation of labeled methionine. In 
these experiments, however, it is not certain that plasma protein fractiona- 
tion by the sodium sulfate method permitted a complete separation of 
albumin from globulin. The albumin fraction resulting from sodium sul- 
fate fractionation of human plasma may contain 3 to 35 per cent of globulin 
(16). If all the activity in the albumin fraction in the present experiments 
is due to globulin contamination, it becomes necessary to assume up to 
4) per cent admixture of albumin with globulin. It remains uncertain, 
consequently, whether or not there is any significant albumin synthesis in 
the hepatectomized dog. 
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The activity in the fibrin in the liverless animal is quite low and is mos 
probably due to contamination with globulin. 

Minor similarities and differences in the standard replacement values for 
the same proteinsin different animals should not be emphasized. — The short 


TaB.e I 


Incorporation of Methionine into Proteins of Hepatectomized and Control Dogs* 
i a . } qs 


Duration of experiment 


Tissue protein Controls Hepatectomized 
2 hrs.T 5 hrs. 2 hrs.t 3 hrs.t Shrst 
Dog A Dog B Dog ( Dog D) Dog E 
Liver 2.21 2.37 
Kidney 2.04 2.52 2.26 2.75 2.98 
Spleen 1.09 1.83 1.24 1.74 
Pancreas 1.53 1.56 1.79 1.47 1.8] 
Intestinal mucosa 3.74 3.92 $.03 1.72 6.65 
Lymph nodes 1.32 1.18 1.37 2.68 
Bone marrow 2.12 
Total, plasma L.5S ».40 0.083 0.259 0). 160 
albumin 1.53 2.32 0.070 0.164 0.084 
globulin 1.70 3.60 0.25 0.96 0.51 


fibrin 3.0 5.37 0.08 0.35 0.11 


* Values are in standard replacement (cf. preceding paper of this issue). 
S.A. of sample K 108 kX W 
S. R. = 
S.A. of methionine X C 
Example of calculations from original data for liver of control Dog A. 


205 K 1 & 149 


S. A. of methionine = = 2.23 X 10° 
6.N6 mK £ 
; 17S 
s \ ot sample = = HH) 
0.483 


9900 K 108 & 10.2 
Ss R = =— ))] 
2.23 X 10° K 2.05 x 10 


+ Dog A, male, 10.2 kilos; methionine, 6.86 mg. with 205,000 counts per minute, 
intravenously. Dog B, female, 11.1 kilos; methionine, 6.86 mg. with 205,000 counts pet 
minute, intravenously. Dog C, male, 14.0 kilos; methionine, 13.71 mg. with 410,00 
counts per minute, intravenously. Dog D, female, 13.1 kilos; methionine, 13.71 mg 
with 410,000 counts per minute, intravenously. Dog E, male, 14.5 kilos; methionine 
13.71 mg. with 410,000 counts per minute, intravenously 


duration of the experiments and the differences in age, sex, and nutritive 
conditions among the animals employed are complicating factors nét 
readily susceptible to exact control. The actual values given in Table 
I to III, however, are the averages of duplicate or quadruplicate determine 
tions differing by not more than 5 per cent, or, in a few cases in which the 
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amount of protein employed was small (fibrin), by 10 per cent. None of the 
existing differences is sufficiently large to cast doubt on the conclusions 


reached. 


TaBLeE II 
Incorporation of Cystine into Proteins of Normal and Hepatectomized Dogs Given 
Ve thionine ’ 











Duration of experiment 
Tissue protein Controls Hepatectomized 

2 hrs. 5 hrs 2 hrs. 3 hrs. 5 hrs. 

Dog A) Dog B) Dog C) Dog D) Dog E) 
Liver..... 1.37 1.04 
Kidney , 0.60 0.90 0.67 0.34 0.46 
Pancreas 0.91 1.04 1.00 0.95 1.11 
Intestinal mucosa .22 1.24 1.30 1.11 


*See the notes below Table I. 


TaBie III 


Blood Incubation Experiment* 
Actual radioactivity in plasma protein and calculated standard replacement 


. ati ? 6 oe 5 . 
No. of washes Incubation, 2 hrs. Incubation, 5 hrs. 





Counts per min.t 


: Counts per min.t 
if S. R.j pcg agi S.R.t 
per m.eq. sullur 


per m.eq. sulfur 


6 15.5 0.004 22.3 0.006 
10 9.7 0.0038 22.8 0.006 


*100 ml. of whole blood from Dog A or Dog B were incubated in vitro at 37° with 
0.57 mg. of methionine with 17,100 counts per minute. 

+ The actual radioactivity found was always less than 16 counts per minute above 
the background and so the counting error is large. 

t Calculated on the basis of 10° counts per minute added to 1 liter of whole blood 
cf. in vivo experiments). 





Table II shows that the liver is not essential for the conversion of methio- 
nine sulfur into cystine sulfur. From the results of these experiments it 
appears that all the tissues investigated bring about this conversion. 

In Table III are shown the results of incubating methionine with whole 
blood in vitro. There is no appreciable incorporation of methionine into 
the proteins under these conditions. Part of the apparent incorporation 
may be due to failure to wash out all of the free methionine. There may be 
4small incorporation as the result of the activities of white blood cells. 
Itis quite certain from these results, however, that the incorporation found 
in the in vivo experiments is the direct result of metabolic activity of the 
tissues. 











L100 PROTEIN IN HEPATECTOMIZED DOG 





We gratefully acknowledge our indebtedness to Dr. Maurice C. Fishler 
for his assistance at the operations, and to Dr. Joseph G. Hamilton and the 4 
staff of the Radiation Laboratory for the supply of radioactive sulfur used 
in these studies. 





SUMMARY | 
_ 1. The hepatectomized dog incorporates methionine into its tissye | 
proteins at the same rate as does the normal dog. 
2. The rate of globulin synthesis in the normal dog is 7 times that found 
in the hepatectomized animal. 
3. The rate of albumin synthesis in the normal dog is 20 or more times di 


that found in the hepatectomized animal. The rate of albumin synthesis 
as determined in these experiments is overestimated rather than under. 





Wa 

estimated. 9 
4. The hepatectomized dog can convert methionine sulfur into cystine - 
sili tan iii: ds ca wea a ; col 
sulfur in tissues such as the kidney, pancreas, and intestinal mucosa. | = 
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A STUDY OF THE MECHANISM OF THE METHYLENE BLUE 
TEST FOR BILE PIGMENT IN URINE: PREPARATION OF A 
COMPOUND OF METHYLENE BLUE AND BILIRUBIN* 


By JOHN G. REINHOLD anp CATHERINE B. FOWLER 


(From the Nutritional Service,t University of Pennsylvania, and the Biochemical 
Laboratory of the Philadelphia General Hospital, Philadelphia) 


(Received for publication, September 21, 1946) 


According to Franke (1), the occurrence of a green color following ad- 
dition of solutions of methylene blue to fluids containing bilirubin first 
was described by Chetchowski in 1897. It has provided the basis for a 
simple method of testing for bile pigment in urine and recent reports 
have reaffirmed its value for this purpose (2-5). The explanation for the 
color effect has long been a subject of controversy. The belief that the 
green color is caused by the blending of the blue and yellow of the two pig- 
ments has been prevalent (6-9). However, Franke maintained that a 
chemical reaction was responsible. 

We have investigated the mechanism of the formation of the green color 
and have found it to be both a color blending and an actual chemical com- 
bination of the bilirubin and the methylene blue. Changes occurring in 
the absorption spectra of the two pigments when mixed and the formation 
of a green precipitate under certain conditions of concentration and pH 
demonstrated conclusively that a chemical reaction takes place. How- 
ever, this accounts for only a small part of the observed optical effect, 
the mixing of the blue and yellow pigments apparently being responsible 
for most of the green color. 


Method 


Solutions of methylene blue (methylthionine chloride, c.P.) were pre- 
pared on the basis of actual dye content. Shortly before use, bilirubin 
(Eastman Kodak Company or Pfanstiehl Chemical Company) was dis- 


| solved in warm 1 per cent sodium carbonate (at temperatures below 80°) 
_ and adjusted to the desired pH by addition of m/15 phosphate’ buffer. 
_ Details of the experiments are included in the protocols of Figs. 1 to 4. 


Readings were made promptly, after mixing solutions of bilirubin and 


* This work was conducted under the Commission on Measles and Mumps, Army 
Epidemiological Board, Preventive Medicine Service, Office of the Surgeon General, 
United States Army, Washington, D. C. 

t Sponsored jointly by the Department of Pediatrics of the School of Medicine 
and the Gastro-Intestinal Section of the Medical Clinic of the Hospital. 


401 











{0/2 METHYLENE BLUE AND BILIRUBIN 


methylene blue. Exposure to strong light was avoided. Sodium chloride 
and urea added in concentrations simulating those in urine to solutions of 
these pigments had only negligible effects on the absorption spectra, 
Spectral photometric measurements were made with a Beckman (model 
DU) spectrophotometer with calibrated Corex cells of 5 or 10 mm. depth, 
The wave-length and photometer calibrations were verified by means of 
standard potassium chromate (10), standard copper sulfate-ammonium 
solutions (11), and by a didymium filter (12). 


EXPERIMENTAL 


Changes occurred in the spectra of both bilirubin and methylene blue 
when solutions of the two were mixed (Fig. 1). Methylene blue showed 
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‘MU 680 640 600 560 520 480 440 400 360 
Fic. 1. The lower curve is the spectrum of a mixture of 1.2 X 1075 mole of methy- 


lene blue and 0.6 X 10-5 mole of bilirubin at pH 6.8. The upper curve is the summa- 
tion of the same bilirubin and methylene blue solutions measured separately. 


decreased absorption in the region of the principal band at 665 my. Ab 
sorption of bilirubin in the 400 to 500 my region also was decreased. The 
changes took place rapidly and were much more pronounced in alkaline 
solutions. However, measurements of absorption spectra at alkaline re 
actions were complicated by the formation of a green precipitate which 
separated within a few minutes after addition of the methylene blue to 
the alkaline bilirubin solutions. Precipitation was most rapid and com- 
plete when the pH was between 8 and 10. No precipitates formed it 
solutions more acid than about pH 5. 

The most satisfactory solvents for the precipitate were methanol, pyt- 
dine, and carbitol. Methanol effected complete solution. Such soli- 
tions turned blue on standing, but were sufficiently stable for spectrophe 
tometric studies. Pyridine solutions were stable, except for those obtained 
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with a few samples of pyridine which gave neither clear nor stable solutions. 
Carbitol was an efficient solvent, giving solutions that retained the original 
green color for many days. The precipitate was less soluble in acetone and 
in ethyl, propyl, butyl, and amy! alcohols, and solutions in these solvents 
also were less stable. A variety of other solvents were tried, but the pre- 
cipitate proved to be almost completely insoluble in all of them. It was 
only slightly soluble in water. 

Complete precipitation of bilirubin required at least 2 equivalents of 
methylene blue for each equivalent of bilirubin (Fig. 2). A moderate 
excess of methylene blue did not alter the composition of the precipitate. 
A large excess of methylene blue decreased the yield. 
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Fic. 2. Absorption spectra found for the green precipitates obtained on mixing 
1,2, 3, and 4 molecular equivalents of methylene blue with 1 equivalent of bilirubin 
2.5 X 10°5 mole) in a (m/15) KH:PO,-Na.CO; buffer at pH 9.2. The mixtures 
were centrifuged and the precipitates washed twice with the buffer, dissolved in 10 
ml. of methanol, and read immediately with 10 mm. cuvettes. The numbers indi- 
cate the equivalents of methylene blue used to obtain each curve. 


The absorption spectrum of a solution of the precipitate in methanol 
(Fig. 3) resembled closely that of a mixture of methylene blue and bili- 
rubin in a ratio of 2:1 equivalents. Molecular extinction coefficients of 
the precipitate in methanol calculated for the points of maximal absorp- 
tion in the blue and in the red regions of the spectrum were 1.9 K 10+ 
at 440 mu and 6.6 and 10~* at 653 mu. When carbitol was used as a sol- 
vent, the molecular extinction coefficients were lower in both regions at 
the point of maximal absorption, 1.3 X 10-4 at 660 mu. The values cited 
are for preparations giving the highest estimations. Lower values found 
in some preparations were attributed to partial decomposition. 

Methylene blue added to urine containing bilirubin undergoes changes 
similar to those observed in methylene blue-bilirubin solutions (Fig. 4). 
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Absorption in the yellow, orange, and red, maximal at 620 my, is decreased 
in the methylene blue-urine mixture, as compared with absorption of the 
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Fic. 3. Complete spectrum of green precipitate obtained by mixing 2.5 X 10° 
mole of bilirubin and 5.0 X 10-5 mole of methylene blue at pH 9.2. The solution was 
allowed to stand an hour in the ice box before being centrifuged. The precipitate 


was washed twice with a borate buffer (pH 8.8), dissolved in 10 ml. of methanol, and 


read immediately, with 10 mm. cuvettes. 
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Fic. 4. Curve 1, sum of the absorption spectra of the same urine and methylene 

blue measured separately. The urine was obtained from a man with jaundice caused 

by infectious hepatitis. Curve 2, absorption spectrum of bilirubin-containing urine 

(pH 5.7, diluted four times with distilled water), to which methylene blue was added 
to give a concentration of 7.5 X 10-5 mole. 


methylene blue solution of the same concentration at identical pH and 
ionic strength. The extent of the decrease of the absorption in these re 
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gions is roughly proportional to the concentration of bilirubin, and urine 
containing no bilirubin causes only a slight change in the absorption spec- 
trum of methylene blue. Differences in the spectra of methylene blue in 
Fig. 4, as compared with Fig. 1, are the result of the higher concentrations 
in the former (13). Because of the marked effect of concentration, these 
curves do not completely depict changes occurring when still higher con- 
centrations of methylene blue are employed, as they may be in tests made 
for bile pigments in the urine. 

Flocculent green precipitates similar to those observed in bilirubin solu- 
tions also form in bilirubin-containing urine on standing when the pH 
is higher than 6. Maximal flocculation occurs when the pH exceeds 7.8. 

DISCUSSION 

Formation of the green precipitate is the result of the combination of 
bilirubin, a dibasic acid, with 2 equivalents of methylene blue, a strong 
base, to give a salt or lake of methylene blue-bilirubinate. The spectrum 
of the precipitate, the necessity for at least 2 equivalents of methylene blue 
for complete precipitation of bilirubin, and the constancy of composition 
when additional methylene blue is added support this explanation. 
Methylene blue is known to form salts with acid dyes (14).! 

Oxidation of bilirubin and simultaneous reduction of methylene blue 
may occur to some extent, since the decrease in methylene blue absorption 
in the 660 to 670 mu has been greater proportionately in certain instances 
than that of bilirubin. It is, however, of secondary importance as an 
explanation for the spectral changes observed and obviously could not ex- 
plain the formation of the green precipitate having the spectrum described. 
Oxidation of bilirubin is characterized by increased absorption in the 650 
my region and at 370 to 390 mu. While the appearance of the former would 
be masked by the presence of methylene blue, no increase in absorption 
at 370 to 390 mu has been observed in aqueous solutions when methylene 
blue was added to bilirubin, as would occur if the usual oxidation products 
of bilirubin were formed. In ethyl or methyl alcohol the precipitate of 
methylene blue-bilirubinate soon develops bands in the 370 to 390 mu 
region which become stronger as the color changes from green to blue, 
while the absorption characteristic of bilirubin showing a maximal at 


+ Attempts to utilize the compound of methylene blue and bilirubin as the basis 
of a method for estimation of the latter in urine encountered difficulties because 
of incomplete separation and instability of the precipitate. The reaction of biliru- 
bin occurs also with other basic dyes such as safranine. Somewhat better results 
were obtained by substituting safranine in place of methylene blue as a precipitant 
for bilirubin; however, the desired degree of dependability has not yet been achieved. 

We wish to acknowledge the assistance of Miss Concetta De Leo and Mrs. 
Dorothea Darrow Bone in this phase of the study. 
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440 my decreases. Thus, oxidation of bilirubin would result in a blue 
compound rather than a green one. 

Our observations explain to some extent the persistence of the contro. 
versy over the mechanism of the methylene blue test of Franke (1). Since 
the product of the principal reaction has spectral characteristics resem- 
bling closely the mixture of reacting pigments, it is not surprising that the 
existence of a compound of the two was overlooked. The pH of urine js 
seldom alkaline enough to bring about rapid formation of the precipitate 
and, therefore, in the test as ordinarily applied in field or clinic it plays 
little part. Changes in the absorption spectrum due to the formation of 
the methylene blue bilirubinate are mainly in the region where the eye is 
poorly equipped to perceive differences in light intensity. The color 
effect observed in the Franke test applied to urine containing bilirubin, 
therefore, is primarily a result of physical blending of the colors of methy- 
lene blue and bilirubin and only to a minor extent due to a reaction be- 
tween them. 


SUMMARY 


Bilirubin reacts with methylene blue in alkaline aqueous solutions to 
form a green compound containing 2 equivalents of methylene blue for 
each equivalent of bilirubin. A similar reaction, when methylene blue is 
added to bilirubin-containing urine, contributes to the green color that 
constitutes a positive test when methylene blue is used as a reagent for 
detection of bile pigment. The methylene blue test for bilirubin in urine 
depends predominantly upon color blending. 
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THE COMBINATION OF FATTY ACIDS AND RELATED 
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In recent papers the stabilization of serum albumin against heat de- 
naturation (1, 2) and urea denaturation (3) by low concentrations of fatty 
acids and related compounds has been reported. Electrophoretic studies 
have shown that a combination occurs between serum albumin and lower 
fatty acids (4). These results engendered an interest in a quantitative 
study of the combination of serum albumin and stabilizing substances, and 
in the nature of the combination. 

There is consicerable evidence in the literature for the combination of 
proteins with lipides and related substances. The various types of chemi- 
eal forees which may hold lipide-protein complexes together have been 
listed in a recent review (5). Anionic detergents are known to combine 
with serum albumin (6-8) and egg albumin (9-12), and the combination 
of proteins with fatty acids has been previously reported (13). The amount 
of combination of various strong and weak acids with wool protein has been 
studied by a titration procedure (14, 15). In addition, serum albumin has 
been shown to combine with a number of substances, including phenol red 
(16, 17), sulfonamides (18, 19), penicillin (20), and azo dyes (21, 22). 

Ultrafiltration has been used to study the combination of calcium ion 
23) and of phenol red (16, 17) with serum albumin. Preliminary experi- 
ments showed that ultrafiltration could be used for the determination of 
the amount of bound or combined fatty acid in a solution containing both 
serum albumin and the sodium salts of lower fatty acids. The results of 
further ultrafiltration studies on the nature and extent of the combination 
of serum albumin with various fatty acids and related compounds are re- 
ported herein. 


Methods 


Ultrafiltration and Analytical Procedures—The source of materials and 
method of preparation of solutions of serum albumin and salts of fatty 


* Present address, Division of Biochemistry, College of Agriculture, University 
of Minnesota, St. Paul, Minnesota 
T Present address, San Francisco State College, San Francisco, California. 
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acids were the same as in previous studies (1-4) with the exception tha: 
bovine serum albumin was used exclusively. Prior to use for ultrafiltration 


studies, concentrated solutions of bovine serum albumin were dialyzed ip | 


Visking sausage casings against distilled water for about 1 week, with - 
ene as a preservative. Dialyzed solutions containing about 25 gm. 
cent of albumin had specific conductivities of only about 5 x 10-5 wie to 
neutralization by sodium hydroxide. This indicates a satisfactory rp. 
moval of dialyzable ions. 

For most of the experiments, the dialyzed albumin was brought to about 
pH 7.8 by very slow addition, with vigorous stirring, of a measured amount 
of standardized 0.5 N sodium hydroxide. The albumin concentration was 
determined by measuring the weight of residue after evaporating and 
drying an aliquot at 105° for 24 hours. 

The ultrafiltrations were made with the aid of laboratory filters of stain. 
less steel and Pyrex glass construction designed for sterilization by filtration 
under air pressure. The moist filtration membrane, prepared as described 
below, was laid on a circle of moistened filter paper (No. 50 Whatman) for 
additional support, and was clamped securely above the perforated plate of 
the filter. A glass marble was placed in the filter chamber to aid in fre- 
quent stirring of the contents during the filtration. An air pressure of 35 
to 40 pounds was used in most experiments. The rate of filtration was 
only about 2 to 5 ml. per hour with solutions containing about 5 gm. per 
cent of albumin, and was even slower with the more concentrated albumin 
solutions. Each filtrate was collected in a test-tube which was fitted 
snugly to a rubber stopper on the stem of the filter to prevent any concen- 
tration of the filtrate by evaporation. 

The most simple and satisfactory procedure for obtaining uniform 
membranes of the desired porosity and strength was to render dialyzing 
cellophane more porous by treatment with concentrated zine chloride solu- 
tion according to the method of McBain and Stuewer (24). Membranes 
of the appropriate size were soaked in approximately 60 per cent zine 
chloride solution in Petri dishes for 15 to 20 minutes, then carefully trans- 
ferred to a flat bottomed dish containing distilled water. After being 
washed with two or three changes of distilled water, the membranes were 
soaked in 3 N hydrochloric acid for 15 to 20 minutes, then again trans- 
ferred to a flat bottomed dish, and soaked for about 1 hour in several 
changes of distilled water. The concentration of the zine chloride solution 
was critical, and since the highly hygroscopic nature of zine chloride made 
preparation of solutions of reproducible concentration somewhat difficult, 
solutions of about 63 per cent were prepared, and were diluted to the 
proper concentration after tests of the membranes produced. The con 


1 Supplied by F. R. Hormann and Company, Brooklyn, New York. 
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centration desired was that which would increase the porosity of the mem- 
brane as much as possible, and still not allow passage of any albumin 
through the membrane. In all ultrafiltration experiments the filtrates 
were tested for albumin, with the Folin-Ciocalteu reagent. If filtrates 
contained no or only a slight trace of albumin, as indicated by not more 
than a very light blue color when 1 ml. of the filtrate was used with 5.0 ml. 
of 0.5 N sodium hydroxide and 1 ml. of color reagent, then the filtration 
was regarded as satisfactory. 

For determination of the amount of caprylate or caprate in ultrafiltrates, 
a 1.00 or 2.00 ml. aliquot in a small test-tube was acidified with 0.1 volume 
of 1 x hydrochloric acid, then 1.50 ml. of redistilled petroleum ether (b.p. 
65-70°) were added, and the tube tightly stoppered and shaken vigorously 
for several minutes to extract the fatty acid. A 1.00 ml. aliquot of the 
petroleum ether extract was evaporated with shaking in a 10 ml. Erlen- 
meyer flask, under vacuum, and at room temperature, until the solvent 
had just disappeared. The residue was dissolved in a small amount of 
neutralized alcohol, a small amount of water was added, and the fatty acid 
titrated with 0.01 N sodium hydroxide to a phenolphthalein end-point. 
The accuracy of the method was about +1 per cent. 

The amount of caproate or butyrate in ultrafiltrates was determined by 
distilling an acidified aliquot with steam in an electrically heated micro 
still. Acidification with sulfuric acid and addition of a small amount of 
sodium tungstate aided in preventing excessive foaming. The distillate 
was titrated with 0.01 N sodium hydroxide. The accuracy of the method 
was about +1 per cent. The solvent extraction procedure was not used 
for determination of the butyrate or caproate because of the greater vola- 
tility of the acids, which made solvent removal difficult, and the greater 
solubility of the free acids in water. 

Use of Ultrafiltration for Measurement of Amount of Combination—At the 
outset, it seemed desirable to ascertain whether ultrafiltration could be 
satisfactorily used to measure the amount of combined and free fatty acid 
anions. For such results to be obtained, the ultrafiltration membrane 
need serve only as a mechanical means of separating the large albumin 
molecules from the free fatty acid anions. Precipitation phenomena, 
such as sometimes are noted in ultrafiltration trials with charged inorganic 
colloids or suspensoids, are not found with a highly soluble protein molecule 
such as serum albumin. ‘Tests with membranes prepared as described 
above showed that the lower fatty acid anions passed freely through the 
membrane, while the albumin was completely retained. Long chain fatty 
acid salts would not pass freely through membranes, presumably because 
of formation of some colloidal micelles, characteristic of such solutions (25). 
For example, caprate solutions in concentrations up to 0.025 m were not 
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changed in concentration by ultrafiltration, but solutions of greater cop. 
centration showed some retention of caprate when filtered. 

The concentration of ions in an ultrafiltrate from a protein solution jg 
not the same as that which exists in the solution being filtered. It has been 
adequately shown that a Donnan distribution applies to ultrafiltration 
(23, 26). In the present experiments the magnitude of the Donnan effect 
was reduced by incorporation of 0.30 mM NaCl in all solutions. In ultrafij. 
trations with albumin solutions alkaline to the isoelectric point, the concen- 
tration of anions in the filtrate exceeds the concentration in the original 
solution. As ultrafiltration proceeds, the Donnan effect becomes greater, 
but this is counteracted by a decrease in the anion concentration in the un- 
filtered solution. Greenberg and Greenberg (26) have given equations for 
calculation of the amount of ions in a filtrate from a solution containing the 
sodium salt of a protein and sodium chloride. These show that when the 
amount of sodium associated with the protein is small compared to the 
total sodium ion concentration, 7.e. when the Donnan effect is small, the 
change in concentration in the filtrate as filtration proceeds is negligible. 
If the Donnan effect is great, then a considerable decrease in filtrate con- 
centration should be noted as ultrafiltration proceeds. 

Calculations of the amount of caprylate in an ultrafiltrate from an albu- 
min solution containing sodium, chloride, and caprylate ions are more 
difficult. However, if it is assumed that the relationship between caprylate 
and albumin during the ultrafiltration may be approximated by a simple 
mass action expression, e.g., [Cap~]. X [Alb],/[Alb Cap], = A, where ¢ 
refers to the equilibrium concentrations, calculations of the concentration 
of caprylate in the filtrate as ultrafiltrations proceed may be made.? Such 
calculations show that when the Donnan effect is not large a constant level 
of caprylate in the filtrate would be expected until over half the solution 
had been filtered. These results are indicative of what may be expected 
in experiments with albumin and caprylaie solutions, since data given later 
in this paper show that under suitable conditions the results obtained may 
be roughly approximated by a mass action expression. 

The constancy of the concentrations of anions in the filtrate during 
ultrafiltration is of definite importance to the use of ultrafiltration for 
measurement of the amount of combination. It means that the concen- 
tration of ions in the ultrafiltrate under appropriate conditions is thus de- 
termined only by the initial composition of the solution and not by the 
changes which occur during ultrafiltration. If small total volumes of 
solution are used, the filtrate composition will change only slightly, although 
the concentrations in the unfiltered solution show much greater change. 
Thus successive aliquots of the filtrates from small total volumes may be 


2 Boyer, P. D., Ballou, G. A., and Luck, J. M., unpublished data. 
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ter con- used for check analyses. In measurements of the amount of a bound ion 
by ultrafiltration, if a constancy of filtrate composition were not to be 
ution ig | expected, it would be necessary to use a sufficiently large volume so that the 
as been | yolume of filtrate withdrawn would not significantly alter the composition 
Itration of the unfiltered solution. 





n effect Experimental trials on the ultrafiltration of albumin solutions containing 
ultrafil- sodium chloride showed, in harmony with the theoretical predictions, that 
-oncen- a constant concentration of chloride in the filtrate was obtained. With 
original 100 ml. of a solution containing 0.300 m NaCl and 5 gm. per cent of albumin 
reater, | with 0.016 m Nat, the initial concentration of chloride found in the filtrate 
the un- was 0.308 M. ‘This is in agreement with that predicted by a Donnan dis- 
ons for tribution, and indicates that, under the conditions of these experiments, 
ing the there was no binding of the chloride by the albumin. Analysis of suc- 
en the cessive aliquots of the filtrate showed no change in this concentration 
to the within the limits of the analytical method when half of the total volume had 
ill, the been filtered, and less than 0.5 per cent decrease when two-thirds of the 


ligible. | olution had been filtered. Filtration of more than two-thirds of the total 
| yolume was not feasible because of the very slow filtration rate with the 





e con- | 
| increased albumin concentration. 
Lalbu- | A similar constancy of filtrate composition was noted with solutions 
more containing caprylate. An initial value of caprylate of 0.0098 m was 
ry late obtained in the filtrate from 100 ml. of a solution containing 0.300 m NaCl, 
simple 0.0250 m Na caprylate, and 5 gm. per cent of albumin with 0.016 m Nat. 
here ¢ This value remained constant in successive aliquots within the limits of 
ration error of the method until about 60 per cent of the total volume had been 
Such filtered. In addition, in a number of experiments under different condi- 
‘level | tions in which about one-third to one-fourth of a 50 to 100 ml. total volume f 
lution was filtered, no change in the caprylate content of successive aliquots of the ‘ 
ected filtrate was noted. 
later Greenberg and Gunther, in experiments on the ultrafiltration of solutions 3 
1 may of alkali caseinates (23), noted that the concentration of calcium in the 
: filtrate did not change as the filtration proceeded. On the basis of their 
luring | results and of the data and discussion given herein, it is probable that the 
no fer same constancy of ultrafiltrate concentration will be observed with other 
nea protein solutions in which the ions in the solutions are not combined with 
ai | the protein or in which they are in reversible equilibrium with the protein, 
y the | when the initial magnitude of the Donnan effect is not large. . i 
a | Calculation of Amount of Combined Caprylate in Ultrafiltration Experi- 
: menis—The amount of free caprylate in equilibrium with the albumin in 
ough solution may be calculated from the amount of caprylate in the filtrate by 
— the Donnan relation : 
y be 4 
[Cap-]. = a [Cap], (1) 


[A-], 











412 FATTY ACIDS AND SERUM ALBUMIN, II 


where [A-], is the total concentration of anions, [Cl-], + [Cap>],, in the 
unfiltered solution, and [A]; is the total concentration of anions in the 
ultrafiltrate. The concentration of caprylate combined with the albumin js 
of course the difference between the total concentration and the amount of 
free caprylate. [A-], isequal to 1/[Na*],{A-],. [Nat], is the total con. 
centration of sodium ions added with the chloride, caprylate, and albumin. 
[A-], is equal to [Cl-], + [Cap]... [A-],, for use in Equation 1, can be 
approximated as the sum of [Cl-], + [Cap~],. This use of [Cap~],, which 
is determined analytically, in place of [Cap~], introduces only a negligible 
error for evaluation of the magnitude of the Donnan correction in the 
following experiments, since the difference between [Cap7], and [Cap-], is 
small compared to [A-],. If experimental conditions were such that the 
difference between [Cap~], and [Cap~], became large in comparison to 
[A-],, the value for [Cap~], could be approximated as in the above procedure 
and this approximated value used for reevaluation of [A], and more ace- 
curate calculation of [Cap~].. 

This ultrafiltration procedure for the determination of the amount of 
combined caprylate or other ions may be used with good accuracy when the 
amount of combined and the amount of free substances are roughly of the 
same order of magnitude. The accuracy of measurements with very high 
concentrations of caprylate or other ions is limited because the amount com- 
bined is determined by difference. 

Comparison of Ultrafiltration and Dialysis—As a further check on the 
adequacy of the ultrafiltration method, the amount of combined caprylate 
as determined by ultrafiltration was compared with that determined by 
dialysis. A solution containing albumin and caprylate was dialyzed under 
appropriate conditions against one containing no albumin, until an equi- 
librium was reached. The amount of combined caprylate was calculated 
from measurement of the amount of caprylate in the solution without 
albumin, by the general equations given by Greenberg for such a system 
(27). For the experiments, 10 ml. of a solution of 10.8 gm. per cent of 
albumin, contained in a small dialyzing tube inside of a supporting cloth 
bag, were dialyzed with stirring at room temperature for 72 hours against 
an equal volume of solution containing no albumin. Sodium caprylate, 
sufficient to give a concentration of 0.058 m if equally distributed on both 
sides of the membrane, was added originally to the albumin solution or to 
the outside solution. The respective calculated values for bound caprylate 
were 0.029 and 0.026 m, indicating that, although equilibrium had not yet 
been quite reached, the value for combined caprylate was between the two. 
The amount of combined caprylate as calculated from ultrafiltration 
experiments with systems of similar composition was 0.028 m. Thus the 
two procedures were in satisfactory agreement. The ultrafiltration method 











in the 
in the 
min js 
unt of 
ul con- 
pumin, 
ran be 
which 
ligible 
in the 
Po]. is 
at the 
son to 
cedure 
re ac- 


unt of 
en the 
of the 
y high 
t com- 


mn the 
rvlate 
ed by 
under 
equi- 
ulated 
thout 
ystem 
ont of 
cloth 
rainst 
ylate, 
both 
or to 
rylate 
t vet 
» two. 
‘ation 
is the 
sthod 





BOYER, BALLOU, AND LUCK 413 


was preferred because the dialysis procedure was slow and subject to error 
through increase in volume inside the membrane during dialysis. 

Possible Use of Conductivity As Measure of Combination—Conductivity 
measurements made with caprylate and dodecyl sulfate solutions in the 
presence and absence of albumin indicated that it was not feasible to use 
this method as a measure of the amount of combination. The presence of 


albumin did not appreciably change the conductivity of dissolved sodium 
caprylate and actually increased the conductivity of dissolved sodium 
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Fig. 1. The combination of serum albumin with increasing concentrations of 
eaprylate. The solutions contained 2.34 gm. per cent of bovine serum albumin, 
0.300 « NaCl, and the concentrations of sodium caprylate as indicated. The pH 
was7.8. The dotted curve represents values calculated from a mass action expression 
(see the text). 


dodecyl sulfate. These results may be related to data which indicate 
that different forms of detergent micelles exist which differ greatly in their 
conductivity (28). 


RESULTS AND DISCUSSION 


Combination of Caprylate and of Other Fatty Acids—Fig. 1 shows the 
amount of combined caprylate with eonstant protein and increasing capry]- 
ate concentration. Fig. 2 shows the amount of combined caprylate with 
constant caprylate and increasing protein concentration. Fig. 3 shows the 
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The solutions contained a total concentration of 0.0105 w Na caprylate and the con- 
centrations of bovine serum albumin as indicated. The dotted curve represents 


values calculated from a mass action expression (see the text 
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Fig. 3. The combination of various fatty acids with serum albumin. The solutions 
contained 5 gm. per cent of bovine serum albumin and the total concentration of the 
sodium salts of the various fatty acids as indicated. The dotted curve represents 
values calculated for the combination of caprylate and albumin with a mass action 


expression (see the text). 
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amount of combined butyrate, caproate, caprylate, and caprate with con- 
stant protein and increasing fatty acid ion concentration. 

Greenberg (27) and McLean and Hastings (29) have shown that the 
equilibrium between calcium ions and proteins may be described by a 
simple mass action expression, and Greenberg and Gunther (23) have 
shown that the Langmuir adsorption isotherm may be applied to the 
binding of calcium ion by serum albumin. In order to ascertain whether 
a mass action expression might be applied to the equilibrium between 
caprylate and albumin, on the assumption that the places on the albumin 
molecule where the caprylate combines act as separate entities, the values 
for 1/[(Cap~]. were plotted against (gm. per cent of albumin)/[Alb Cap),. 
In these and other calculations, the molarities and not the activities of the 
ions were used. The straight line obtained with the lower concentrations 
of caprylate indicated that, in this region, a mass action expression was 
applicable, and, from the intercept on the ordinate, evaluation of the 
albumin concentration in terms of the ‘‘molarity” of its total combining 
power, [Alb]., was made on the basis of procedures previously established 
for the combination of calcium ion and albumin (23, 27, 30). The values 
used in the calculation of the dotted curves given in Figs. 1, 2, and 3 were 
(gm. per cent of albumin) 338 = [Alb]., and [Alb], X [Cap~]./[Alb Cap], 
= 0.0041. [Alb Cap], is equal to the equilibrium concentration for the 
combined caprylate. [Alb], is equal to the difference between [Alb], and 
[Alb Cap]... The data show that, except when the caprylate was present 
in a relatively high concentration, the results eould be approximated by the 
simple mass action expression. The combination of caproate with albumin, 
as illustrated by Fig. 3, could be very closely described by a mass action 
expression evaluated in the foregoing manner. With caproate, the value 
for the equilibrium constant was 0.0173, obviously greater than that for the 
more strongly bound caprylate. 

The theoretical significance of the correspondence of experimental re- 
sults with a simple mass action expression is limited. As pointed out by 
others (21, 27, 29, 30), such correspondence indicates that the group or 
various groups on the protein molecule to which the ion is attached act as 
separate entities and have approximately the same affinity for the ion in 
question. If the caprylate and caproate combine with the same groups, 
then it is obvious that the two ions have different affinities for the same 
groups. The equation given by Klotz et al. (21) as a criterion for the pre- 
dominance of simple statistical factors in the binding of organic ions by 
proteins is obviously analagous to that used by earlier investigators as a 
criterion for the applicability of a mass action expression. Thus the data 
presented by Klotz likewise evaluate the correspondence of his results to a 
simple mass action expression. 

The deviation of the combination of caprylate and albumin from a mass 
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action expression at higher caprylate concentrations is clearly shown jp 
Fig. 1. This may be due to an association of the caprylate with the non. 
polar side chains of the caprylate residues already attached to the protein, 
This continued increase is not as evident with a higher concentration of gl- 
bumin (5.0 instead of 2.34 gm. per cent) and hence a lower concentration of 
free caprylate, as is shown by comparison with Fig. 3. Also, the values for 
the amount of combined caproate and butyrate show more tendency to 
reach a plateau with increasing concentration than the values for caprylate, 
indicating the importance of the size of the non-polar side chain in this 
phenomenon. 

Examination of the results given in Fig. 2 and of similar results obtained 
with 0.025 m total caprylate shows that when albumin concentrations are 
high, such as in 25 gm. per cent solutions used for therapeutic purposes, the 
amount of uncombined fatty acid is undoubtedly very low. Since ultra- 
filtration of solutions containing 25 gm. per cent of serum albumin is im- 
practical, resort must be had to extrapolation or to approximation with the 
mass action expression in order to estimate the amount of free fatty acid 
anion. These procedures indicate that in a solution containing 25 gm. per 
cent of albumin and 0.025 m caprylate only about 0.001 mM caprylate is not 
bound. 

The data presented in Fig. 3 shows that the amount of combination of 
fatty acids increases markedly with increase in chain length. Experiments 
with caprate were limited by the lack of passage of higher caprate concen- 
trations through the filters. The curve for butyrate is considerably less 
accurate than the others, since only a relatively small portion of the total 
butyrate present is combined. The increase in the amount of combination 
with increase in chain length is in harmony with the increase in protection 
against heat denaturation and urea denaturation and with the increase in 
effect on electrophoretic mobility of albumin with increase in the chain 
length of the fatty acid present. Since the fatty acids all have nearly the 
same pK values, it is apparent that the differences in the amount of com- 
bination must be due to the differences in the size of the non-polar side 
chains. 

The combination of caprylate and albumin apparently differs in some 
respects from the combination of dodecyl sulfate and albumin. Putnam 
and Neurath have presented experimental evidence that, in solutions of 
dodecyl! sulfate and serum albumin, some free albumin exists with even 
fairly high ratios of detergent to albumin (6-8). With solutions of capryl- 
ate and albumin, the evidence indicates that even with low molar ratios of 
caprylate to albumin the amount of any free albumin that exists is too 
small to detect. In studies on the effect of caprylate on the electrophoretic 
mobility of albumin (4), as few as 9 molecules of caprylate were combined 
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per albumin molecule, but no free albumin was detectable. In studies on 
urea denaturation, low ratios of caprylate to albumin were sufficient for 
maximum prevention of viscosity increase (3). If albumin not in com- 
bination with caprylate were present, denaturation of such albumin by urea 
would be expected. 

The difference in the behavior of caprylate and dodecyl! sulfate may be 
due to the much more marked micelle formation of the latter, and com- 
bination of the albumin and micelle may occur (6). Likewise high con- 
centrations of caprylate do not cause marked extension of the molecule as do 
high concentrations of dodecyl sulfate (6, 7). Unlike the behavior of 
eaprylate and albumin, the combination of dodecyl sulfate and albumin 
depends upon the weight ratios and not on the absolute concentrations (8). 

Reversibility of Combination of Albumin and Fatty Acitds—The combina- 
tion of caprylate and albumin is readily reversible. Relatively concen- 
trated solutions of caprylate and albumin, which were subsequently diluted 
with water or albumin solution to a given composition, showed the same 
amount of combined caprylate as solutions of the same composition which 
were prepared from more dilute caprylate and albumin solutions. This is 
in harmony with stabilization experiments which showed that the amount 
of stabilization was dependent upon the composition and not on the manner 
of preparation of the solution (2). 

In regard to the rate at which equilibrium is reached, ultrafiltration 
measurements made as soon as possible (less than 3 hour) and after 24 hours 
showed the same amount of combination. The studies on the stabilization 
against denaturation (2, 3) have shown that the maximum amount of 
stabilization is evident when measurements were made as soon as possible 
after preparation of the solutions (less than 5 minutes). Thus the com- 
bination apparently proceeds at a rapid rate. 

Effect of Temperature on Combination—Temperature change was found to 
have no effect on the amount of combination of caprylaté with albumin; 
thus the energy change in the reaction is quite small. Measurements with 
5 gm. per cent of albumin and 0.025 m caprylate showed no difference in the 
amount of bound caprylate within the limits of error of the method when 
ultrafiltrations were made at 2°, 26°, or 47°. Accordingly, it seemed 
probable that values obtained in measurements at room temperature were 
applicable to solutions at higher temperatures when denaturation occurred. 

The combination of dodecyl sulfate with serum albumin has also been 
shown to be essentially independent of temperature (8). 

Effect of Urea on Combination—Urea had a variable effect upon the 
amount of bound caprylate, depending upon the conditions of the experi- 
ment. With solutions containing 0.020 m caprylate and 2.0 gm. per cent 
of albumin the presence of 6 M urea resulted in only about a 5 per cent de- 








418 FATTY ACIDS AND SERUM ALBUMIN. III 


crease in the amount of bound caprylate when the caprylate was added 
prior to the urea, and thus prevented the denaturation of the albumin (3), 
However, if the albumin was exposed to 6 M urea for 24 hours preceding the 
caprylate addition, the amount of bound caprylate was reduced by roughly 
40 per cent. In the latter case, the albumin molecule was in an extended 
state; thus the decreased combination of the caprylate apparently resulted 
from a change in the spatial arrangement of the molecule, since a decrease 
in reactive groups was not likely. These observations are in harmony with 
the lack of effect of caprylate upon the viscosity of urea-denatured albumin 
when the caprylate was added 24 hours after the urea (3), and with the 
postulate that both positively charged and non-polar areas of the albumin 
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Fig. 4. The effect of NaOH addition on the amount of combination. All solutions 
contained 5 gm. per cent of bovine serum albumin, 0.020 m sodium caprylate, and the 
amount of added NaOH as indicated. The pH of the solutions for the six expen- 
mental values shown was 6.84, 9.01, 10.29, 10.80, 11.26, and 11.82 respectively. 


molecule in some definite actual or potential arrangement are necessary for 
the maximum combination of albumin with fatty acid anions. 

Effect of pH on Combination—Addition of sodium hydroxide to a solution 
of albumin and caprylate resulted in a decrease in the amount of bound 
caprylate. Results obtained with 5 gm. per cent of bovine albumin and 
0.020 m caprylate are shown in Fig. 4. Since addition of alkali reduces the 
number of positive charges on the albumin molecule, these results indicate 
that the positive groups of the albumin are involved in the combination 
with caprylate. The postulated combination with positively charged 
groups is also supported by the observations that compounds without a 
negative charge but with non-polar groups do not possess the characteristic 
stabilizing properties of analogous anions (2). 

Relation of Amount of Combination to Degree of Stabilization—Compati- 
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sons of the effects of the same amounts of bound caprylate and caproate on 
the thermal stability of albumin, measured as in previous studies (1, 2), are 
given in Fig. 5. The data show that the magnitude of the stabilization to 
heat produced by the combination of caproate or caprylate is not dependent 
only upon the amount of bound anion. From the results, it is evident that 
a given amount of combined caprylate is considerably more effective in 
prevention of denaturation by heat than the same amount of combined 
caproate, especially when the amount of combination is small. Similar 
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Fic. 5. Comparison of the increase in stability to heat with the amount of com- 
bined fatty acid. The solutions contained 5 gm. per cent of bovine serum albumin, 
0.300 m NaCl, and the total concentrations of caproate or caprylate as indicated. The 
pH was 7.8. The 30 second cloud point temperatures were determined as previously 
described (1). The intersections of the straight lines with the cloud point curves 
indicate the total concentration of caproate or caprylate at which the molarity of 
combined caproate or caprylate was the same. 


results on urea denaturation have likewise shown that longer fatty acids are 
more effective than equal amounts of bound shorter chain acids. Since, 
with equal amounts combined, the change in charge or neutralization of 
positive groups would be the same, it is apparent that the difference is due 
to the size of the combined anion. It is probable that the larger non-polar 
groups result in a stronger and more effective combination of the fatty acid 
with the albumin. 

Combination of Acetyltryptophane and Albumin—Acetyltryptophane has 
also been observed to increase the thermal stability of serum albumin (31), 
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and has been given consideration for incorporation into commercial prepara. 
tions of serum albumin. Measurements of the amount of bound 
acetyltryptophane were made under several different conditions. The acety). 
tryptophane was determined colorimetrically with use of the Folin-Ciocal. 
teu reagent (32). Results obtained with a constant acetyltryptophane and 
increasing albumin concentration are shown in Fig. 6. Extrapolation of 
the curve to 25 gm. per cent of albumin indicates that about 0.025 M of the 
total 0.040 m acetyltryptophane is bound. Similar data with 0.025 total 
acetyltryptophane indicate that only about 0.015 Mm is bound in a solution 
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Fic. 6. The combination of acetyltryptophane with increasing concentrations of 
albumin. The solutions contained a total concentration of 0.040 m sodium acetyl- 
tryptophane and the concentrations of bovine serum albumin as indicated. The 
pH was 7.8. 


containing 25 gm. per cent of albumin. In contrast, in a solution con- 
taining 0.025 m caprylate and 25 gm. per cent of albumin, nearly all the 
saprylate is combined. However, comparisons of the thermal stability of 
solutions containing 25 gm. per cent of albumin show that addition of 
0.025 m caprylate is much more effective than addition of 0.04 m acetyl 
tryptophane (2). Since, at these concentrations, the amount of each sub- 
stance bound is approximately the same, it is apparent that the combined 
-aprylate is more effective than the same amount of bound acetyltrypte 
phane. Since acetyltryptophane is a larger molecule than caprylate, 
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this is additional evidence that the non-polarity of the side chain and not 
the size of the compound is the important factor in determining the sta- 
bilizing effect produced. 

Hemolysis by Solutions Containing Caprylate—The hemolysis of red 
blood cells by caprylate in the presence and absence of serum albumin was 
studied to obtain some indication of possible toxic effects of injections of 
albumin solutions containing caprylate, and to find out whether the results 
would give any measure of the amount of combined and free caprylate. 
Hemolysis tests were made by suspending washed human erythrocytes in 


TABLE I 
Hemolysis of Erythrocytes by Sodium Caprylate; Protective Effect of Serum Albumin 
All solutions contained in addition to the sodium caprylate sufficient NaCl to 
make the solutions isotonic. Hemolysis was graded from none to hemolysis of all 


= 











Sodium caprylate Serum albumin (25 gm. per cent) No serum albumin 
M 

0 0 0 
0.008 0 0 
0.010 0 0 
0.015 0 +}. +4. 
0.0175 0 of of ot 
0.020 0 ++4+4++4 
0.0225 0 +++4++4 
0.025 0 +4 
0.05 0 TTT 
0.10 0 
0.11 +a 
0.12 ++++ 
0.13 ++++ 
0.14 PTT 
0.15 +++ 





the test solution containing the sodium caprylate or the sodium caprylate 
and albumin. 

The results given in Table I show that, in the absence of albumin, the 
red blood cells were readily hemolyzed by the sodium caprylate in con- 
centrations of 0.020 m or above. However, when the solution contained 
25 gm. per cent of albumin, about 0.12 mM caprylate was required to produce 
the same degree of hemolysis. If only 0.02 m free caprylate in the solution 
containing albumin was necessary for hemolysis, then these results would 
indicate that 0.10 m caprylate was bound by the albumin. Calculations 
with the mass action expressions given previously and with results obtained 
in ultrafiltration trials with 18.7 gm. per cent of albumin and high caprylate 
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concentrations indicate that, in a solution containing 25 gm. per cent of 
albumin and 0.12 mM caprylate, over 0.04 M caprylate is free. Hence the 
protective action of albumin against hemolysis is greater than that which 
would be predicted on the basis of only the actual combination of the cap. 
rylate with the albumin. 

The above data are of practical importance, since they show that possible 
hemolysis of red blood cells need not be considered if solutions containing 
25 gm. per cent of serum albumin and less than 0.10 mM caprylate are used 
for injection. Ponder et al. have noted that the hemolytic action of soaps 
in vitro is much more pronounced than their hemolytic action in vivo (33), 
As mentioned by these authors, this difference may be ascribed to the 
action of the serum proteins in reducing the hemolytic effect. The com- 
bination of fatty acids with albumin is also of interest in connection with 
studies on the protective action of albumin in the disk-sphere transforma- 
tion of red blood cells (34). 

From the data given in this paper, it is apparent that any free fatty acids 
in the blood stream would exist principally in combination with serum 
albumin and probably with other serum proteins. Of interest in this 
respect is the observation of Kendall that crystalline human serum albumin 
isolated by an ammonium sulfate fractionation procedure contained a 
small amount of fatty acid (35). 


SUMMARY 


Studies have been made of the nature and extent of the combination of 
‘aprylate and other lower fatty acid anions with serum albumin. The use 
of an ultrafiltration procedure for measurement of the amount of combina- 
tion is discussed and is shown to be adequate for measurement of the 
amount of free and combined lower fatty acid anion. Conductivity meas- 
urements are not a satisfactory criterion of the amount of combination. 

The distribution of ions between an ultrafiltrate and the unfiltered 
solution follows a Donnan equilibrium. Experimental results, in harmony 
with theoretical calculations, show that under appropriate conditions the 
concentration of the anions in the ultrafiltrate does not change until over 
half of the total volume is filtered. 

Data are given for the combination of caprylate and albumin with con- 
stant caprylate and variable albumin concentration and with constant 
albumin and variable caprylate concentration. The combination of serum 
albumin and caprylate may be roughly expressed by a simple mass action 


relation. 
The amount of combination of fatty acids with serum albumin increases 


markedly with increase in the chain length of the fatty acid. Under con- 
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ditions in which the combination of butyrate is slight, the combination with 
caprate is almost complete. 

The presence of 6 M urea has little effect on the amount of combination if 
the caprylate is added prior to the urea, but decreases the amount of com- 
bination considerably when the albumin is denatured by the urea prior to 
the addition of the caprylate. 

Change in temperature, within the range studied, has no effect on the 
amount of combination of caprylate with serum albumin. Increase in pH 
of the solutions decreases the amount of combination of caprylate with 
albumin. 

The presence of serum albumin markedly reduces the hemolytic action of 
caprylate solutions. 

The results are discussed and are interpreted as indicating that both the 
positive and non-polar portions of the fatty acid and serum albumin par- 
ticipate in the combination. 


We are indebted to the Armour Laboratories for the crystalline bovine 
serum albumin and the caprylic acid used in these studies. The purified 
sodium dodecyl sulfate was donated by E. I. du Pont de Nemours and 
Company. 

The work described in this paper was done under a contract, recom- 
mended by the Committee on Medical Research, between the Office of 
Scientific Research and Development and Stanford University. 

To the Rockefeller Foundation and the Cutter Laboratories we are 
greatly indebted for grants-in-aid. 
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AN IMPROVED METHOD FOR THE PREPARATION OF 
PITUITARY ADRENOTROPIC HORMONE* 


By JACOB B. FISHMAN 
(From the Department of Physiological Chemistry, Yale University, New Haven) 


(Received for publication, November 8, 1946) 


Two methods have been described for the preparation of pituitary 
adrenotropic hormone (1, 2). During the course of studies of the prepara- 
tion and properties of the hormone in this Laboratory, modifications of 
the procedure have been examined with the object of improving the yield 
of final product. It has been particularly desirable to increase the avail- 
ability of the adrenotropic hormone in view of the more recent interest in 
its physiological effects. This communication describes a modified method 
of preparation of adrenotropin which gives consistently twice as great a 
yield of purified hormone as that obtained by the method of Sayers, White, 


and Long (2). 
Description of Method and Comment 


Crude prolactin was prepared from fresh hog pituitary tissue by the 
method of White, Bonsnes, and Long (3). This product contains the 
adrenotropic hormone. It is convenient to conduct further purification 
on 5 gm. samples of the crude prolactin. Enough water is added to 5 
gm. of crude prolactin to make a thick, homogeneous paste. The volume 
is brought to 50 ml. by the addition of water and the pH! adjusted to 9.0 
with the aid of 2 N NaOH; solution should be complete. The opalescent 
solution is adjusted to pH 8.0 by the careful addition of 0.1 Nn HCl with 
stirring. The precipitate which forms is separated by centrifugation and 
discarded. The supernatant is diluted with water to a volume of 235 ml. 
On careful adjustment of the pH to 6.6 by addition of 0.1 N HCl, a precipi- 
tate forms which is removed by centrifugation and discarded. Another 
precipitate which appears when the pH of the supernatant is lowered to 
5.4 with 0.1 n HCl is also centrifuged off and discarded. 17 ml. of satu- 
rated (NH,).SO, are then added to the clear supernatant (at pH 5.4). 
Asmall amount of precipitate appears and is centrifuged off and discarded. 
4 volumes of acetone are added to the supernatant and the mixture placed 
in the ice box overnight. The precipitate is separated from the super- 
natant liquid by centrifugation and dissolved in a mixture of 133 ml. 

* This investigation was aided by a grant made by the Fluid Research Fund of 


Yale University School of Medicine to Dr. Abraham White. 
‘ All pH measurements have been made with the glass electrode. 
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of water and 66 ml. of concentrated NH,OH. The ammoniacal solution 


is allowed to stand in a stoppered flask at room temperature for 20 hoy } 


in order to destroy the major portion of the posterior pituitary preggo 
principle. At the end of this time, 5 gm. of NaCl are dissolved in this 
solution. 1800 ml. of acetone are then added and the turbid contents of 
the flask vigorously shaken until the separation of the precipitate is com. 
plete and the supernatant clear. The precipitate is recovered at the cep. 
trifuge, dissolved in 75 ml. of water, and dialyzed in the refrigerator for %4 
hours against repeated changes of distilled water. The volume of the 
dialyzed solution is increased to 130 ml. by addition of water. The pH 
of the solution is carefully adjusted to 5.5 with 0.1 nN HCl and centrifuged 
free of precipitate. The pH of the supernatant is adjusted to 3.0. The 
adrenotropic hormone precipitates and redissolves as its isoelectric point 
(pH 4.7) is reached and passed. 8 ml. of a saturated solution of sodium 
chloride are added and the mixture stirred. A small precipitate forms and 
is centrifuged off and discarded. 25 ml. more of saturated sodium chlo- 
ride are now added to the supernatant with constant stirring. The 
adrenotropic hormone precipitates and is separated by centrifuging! 
The hormone is dissolved in 15 ml. of water and the solution dialyzed over. 
night in the ice box. During dialysis part of the hormone separates as 4 
gummy precipitate which adheres to the cellophane bag. The dialysis 
bag is washed with water to which have been added a few drops of 0.15 
HCI; all visible precipitate should dissolve. This extract is combined with 
the dialyzed solution of hormone and lyophilized. 

Typical yields from three 5 gm. samples of crude prolactin have been 
721, 645, and 610 mg. respectively of purified adrenotropin. A kilo of 
fresh hog pituitary tissue may be expected to yield approximately 6.5 gm. 
of crude prolactin, from which may be obtained at least 1 gm. of purified 
adrenotropin. 

The hormone prepared by the modified procedure behaved as a single 
component in the Tiselius apparatus in electrophoresis experiments con- 
ducted at pH 7.9, 6.1, and 3.2. A plot of mobility against pH establishes 
the isoelectric point at pH 4.7 to 4.8. The solubility data for the hormone 


in acetate buffer at pH 3.3 are shown in Fig. 1. The data are in satisfae- 


tory accord with the Gibbs phase rule for solubility behavior. 

The method of assay employed for the determination of adrenotropit 
activity was based upon the specific property of the hormone to deplete 
the ascorbic acid content of the adrenals of the hypophysectomized rat (4: 

? The supernatant solution which is separated from adrenotropin at this poitt 


was found to contain a protein which behaves as a homogeneous substance in th 
Tiselius apparatus. This protein does not exhibit any of the physiological activ: 


ties which have been assigned to anterior pituitary hormones. 
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The results of the assay® are given in Table I. It is evident that in potency 
the product prepared by the modified technique is indistinguishable from 
the hormone preparations made according to the original procedure of 
Sayers, White, and Long (2). 


6> 





MG. NITROGEN IN 1ML, OF FILTRATE 








T T T T T v ' 


Oo i 2 3 4 5 6 7 8 9 10 
MG. NITROGEN IN 1ML. OF SUSPENSION 


Fic. 1. Solubility of adrenotropic hormone in 0.1 acetate buffer containing 0.1 m 
sodium chloride (pH 3.3). 


Tasie [ 
Depletion of Adrenal Ascorbic Acid of Hypophysectomized Rat Following Intravenous 
Administration of Adrenotropin 


| 
Reduction in adrenal 
Method of preparation Dose oo _ No. of rats ascorbic acid per 100 
si j gm. fresh tissue* 











| 





Y | me. 


Sayers, White, and Long | 2.5 9 143 + 4.9F 
(1) 0.625 10 89 + 6.0 

Present modified tech- | 2.5 5 137 + 6.5 
nique | 0.625 4 04 + 4.8 





* Left adrenal removed before administration of adrenotropin and used as a con- 
trol; right adrenal removed 1 hour after injection of hormone. Reduction expressed 
as difference in concentration of ascorbic acid between left and right adrenals. 

t Means and standard errors. 


The higher yield of hormone obtained by the modified procedure is 
probably due to several factors. A more complete recovery of hormone 
is obtained from the ammoniacal solution by the use of NaCl and vigorous 
agitation which facilitates breaking of the emulsion frequently encountered 


*The bioassays were kindly conducted by Marion A. Sayers and George Sayers. 
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in this step. The substitution of salt (NaC) fractionation in the final step 
of hormone isolation for isoelectric precipitation at pH 4.7 (2) also increases 
the yield of hormone. This salt fractionation was suggested by the method 
of preparation devised by Li, Evans, and Simpson (1). Finally, the 
hormone is recovered from the dialyzed solution by lyophilization rather 
than acetone precipitation, since the latter method of recovery is not 
quantitative. 
SUMMARY 


A modified procedure for the preparation of adrenotropic hormone hag 
been described which gives higher yields of the purified preparation. The 
product obtained by this method has been shown to be electrophoretically 
homogeneous, to give satisfactory solubility data, and to have maximum 
adrenotropic hormone activity. 


Acknowledgment is made to Dr. George Savers and Dr. Abraham White 
for helpful advice and assistance. 
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The purines and their derivatives are receiving renewed and well deserved 
attention. It would be difficult to overestimate the biological importance 
of this group of compounds as components of nucleic acids and nucleotides, 
respiratory and phosphate transferring coenzymes, and as growth factors 
for various lower organisms. 

Progress in the study of the purine compounds in tissues has been some- 
what handicapped by the lack of simple, sensitive, and specific analytical 
methods. Existing chemical procedures are tedious and demand consid- 
erable amounts of biological material. Although the specific enzymatic 
methods introduced by Schmidt in 1928 (1) represent definite progress in 
methodology, and have resulted in a number of important studies of purine 
metabolism (2-5), they too require considerable time, effort, and material. 

The purines are characterized by intense ultraviolet spectral absorption. 
The absorption maxima all occur in the region of 250 to 290 mu but vary 
in position and height for the individual compounds (6-8). This ultravio- 
let absorption has been used to advantage in studies of various purine com- 
pounds in pure solutions (9-12). Unfortunately, however, such direct 
absorption measurements are in themselves of limited analytical value 
because of a lack of specificity. Not only do other biological materials 
absorb light at the same wave-length as the purines, but a number of 
different purine derivatives may have the same absorption spectra; e.g. 
adenine, adenosine, adenylic acid, and adenyl pyrophosphate have spectra 
which are indistinguishable from each other. It has been found possible to 
overcome this lack of specificity by measuring changes in the ultraviolet ab- 
sorption resulting from the action of specific enzymes. By using this 
principle of differential spectrophotometry, analytical methods, which com- 
bine simplicity and sensitivity with specificity, have been developed for 
many of the purines and their derivatives. 

Three basic alterations of the purine molecule, which result in marked 
spectral changes, have been utilized in the methods to be described: (1) 

* Present address, Institute for Medical Physiology, University of Copenhagen, 


Denmark. 
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the enzymatic oxidation of hypoxanthine or xanthine to uric acid whic 
results in a marked increase in the absorption at 290 my and a decreag 
in the absorption at either 250 or 270 my, depending upon whether it jg 


hypoxanthine or xanthine which is oxidized; (2) the enzymatic oxidation | 


of uric acid which causes complete disappearance of the absorption at 29 
mu; (3) the enzymatic deamination of adenine compounds to hypoxanthine 
compounds, which causes a decrease in absorption at 265 my and an jp. 
crease at 240 mu. The conversion of guanine to xanthine by guanag 
results in a spectral change which is too small to be of analytical value, 
It is possible, however, to determine guanine indirectly, as will be discussed 
herein. 

The present paper deals with the determination of the hydroxypurines, 
Methods for hypoxanthine, hypoxanthine riboside (inosine), xanthine, 
uric acid, guanine, and guanine riboside (guanosine) will be described. 
A subsequent communication (13) will give the procedures for the deterni- 
nation of adenine compounds. 

Data are presented describing the absorption spectra and extinction 
coefficients of the purine compounds concerned, following which the analyt- 
ical procedures are given. A subsequent communication (14) will describe 
the preparation of the specific enzymes required. 

Materials— 

Hypoxanthine. Prepared according to the method of Fischer (13), 
generously furnished by Dr. E. Bueding, Western Reserve University. 
Another sample was prepared by chemical deamination of commercial 
adenine sulfate according to the method of Kossel (16); this preparation 
was recrystallized twice from water. 

Guanine (Eastman Kodak Company). Recrystallized twice from 
water. 

Xanthine (Eastman Kodak Company). Recrystallized twice from 
water and brought into solution by addition of alkali and then diluted 

Uric acid. Commercial, recrystallized preparation; brought into solt- 
tion as the lithium salt and then diluted. 

Inosine. Prepared from adenosine by incubation with purified adenosine 
deaminase from intestine (14). It was fractionated with lead acetate ani 
crystallized from water us the free compound. 1.8 gm. of crystals wer 
obtained from 3 gm. of adenosine. An analysis of a sample dried i 


vacuo at 80° gave the following values. 


Theoretical, 
Found calculated 
per cent per cent 
Total N ae ee aed Oe yews eee 20.7 20.6 
Ribose (colorimetric). .... ey 55.9 55.5 
‘* (reduction) before hydrolysis* 0 0 
7 55.5 55.5 


xe - after 


* 2 hours hydrolysis in dilute H.SO, at 100°. 
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Guanosine. Nucleic acid was hydrolyzed according to the method of 
Levene and Jacobs (17). The mixture of nucleotides thus obtained was 
incubated with alkaline intestinal phosphatase (18) at pH 9 for 3 days at 
37°. The guanosine was fractionated as the lead salt and the free com- 
pound obtained in needle-shaped crystals showing a strong mother-of- 
pearl luster. An analysis of a sample, dried in vacuo at 80°, gave the 
following values. 


Theoretical, 

Found calculated 
per cent per cent 
OS Sere oer ooh eis Granta ciated .. ae 24.8 
Ribose (colorimetric) : ee .... 60.5 53.0 


Uric acid riboside. Prepared from beef blood according to the method 
of Davis, Newton, and Benedict (19). Crystals were obtained by freezing 
the gelatinous material and subsequently thawing the frozen gel. Analysis 
of this material is described later in the text. 

Glycylglycine buffer, 0.6 m. 264. gm. of glycylglycine (Pfanstiehl) 
dissolved in 300 ml. of water; 45 ml. of 2 nN NaOH were added, the mixture 
diluted to 400 ml., and the pH adjusted to 8. 

Glycine buffer, 0.5 m. 37.5 gm. of glycine dissolved in 800 ml. of water; 
12.5 ml. of 10 N NaOH were added and the buffer adjusted to pH 9.1 to 9.2 
by use of a pH meter and diluted to 1 liter. 

Optical Methods—For the optical determinations, the Beckman spectro- 
photometer with ultraviolet attachment was used. The standard quartz 
cells, 10 mm. wide, light path 10 mm., were usually used. For smaller 
samples (50 to 125 c.mm.) narrow quartz cells with a 10 mm. light path 
but only 2 to 5 mm. wide were used and an extra diaphragm with a small 
aperture was interposed (Lowry and Bessy (20)). For investigation of 
absorbing material in higher concentrations flat cetls 10 mm. wide but with 
light paths of only 1 to 3 mm. were used. When the sample to be analyzed 
had a very high extinction, the instrument was balanced by means of a 
“gray” filter; z.e., the control cell was filled with a solution which absorbed 
the ultraviolet light to about the same degree as the sample. The slit was 
then opened wider in order to allow sufficient light to pass through the 
strongly absorbing solution. Extinction readings were ordinarily made 
with the selector switch in the 1.0 position. Greater accuracy with samples 
having less than 10 per cent transmission was obtained by placing the 
selector switch in the 0.1 position, by which the scale sensitivity is in- 
creased by a factor of 10. 

Preparation of Plasma and Tissue Extracts for Analysis—Tissue or plasma 
was deproteinized either by mercuric chloride in dilute hydrochloric acid or 
by perchloric acid. Trichloroacetic acid contains substances which absorb 
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in the ultraviolet region and therefore cannot be used as a deproteinizing 
agent. 

To deproteinize 1 ml. of plasma with mercuric chloride, the plasma wag 
mixed with 1 ml. of 5 per cent mercuric chloride in 1 N HCl. After centri. 
fuging, the supernatant was decomposed with hydrogen sulfide and the 
mercuric sulfide formed washed twice with 0.2 ml. of water. After aeration, 
the filtrate was neutralized with sodium hydroxide and diluted to the 
desired volume. 

Deproteinization with perchloric acid is simpler than with mercuric 
chloride and was, therefore, used extensively in the analysis of filtrates 
from tissue extracts and enzymes. Clear protein-free filtrates were ob. 
tained with 2 to 3 per cent perchloric acid (21). The neutralized protein. 
free filtrates were buffered with glycylglycine to pH 7.5 to 8.0. The buffer 
strength of the mixture was usually between 0.07 and 0.1m. Glycylglycine 
and glycine buffers show considerable absorption in the ultraviolet region, 
particularly at wave-lengths shorter than 270 mu. Therefore, in the anal- 
ysis of hypoxanthine compounds, in which a wave-length of 248 my was 
used, the concentration of glycylglycine in the final mixture was kept at 
0.07 m or below. 

The buffered filtrates were diluted toa volume of 2ml. From these “orig. 
inal filtrates’ 0.7 ml. was pipetted into a 5 X 10 mm. quartz cell and 0.1 
ml. of succinate buffer (0.33 m, pH 6.1) was added. The enzyme solutions 
were added with a 50 to 60 c.mm. constriction pipette (22) and mixed 
by blowing air through the constriction pipette. In order to prevent 
acidification by carbon dioxide a soda lime tube was inserted in the rubber 
tube which connected with the pipette. (This exclusion of carbon dioxide 
from the expiration air is particularly important when alkaline buffers 
are used.) Due care was taken that no air bubbles persisted on the optical 
surfaces. If the surface of the liquid should contain larger air bubbles, 
the meniscus would be distorted and might interfere with the light beam. 
The first reading was usually made 30 seconds after the addition of a- 
zyme, the next reading at 1 minute. These first two readings were always 
made at 290 mu. 

The analysis of hypoxanthine nucleoside or nucleotides from tissue 
filtrates was usually carried out as follows: The filtrate (0.7 ml.) was 
heated with 0.1 ml. of 5 N sulfuric acid in a sealed tube at 100° for 3 to4 
hours, cooled, and neutralized to pH 7.5 to 8. The pH was further ad- 
justed by addition of 0.1 ml. of 0.5 m glycylglycine buffer, pH 7.5 (total 
volume, 0.95 to 1 ml.). The mixture was saturated with oxygen and 08 
ml. was pipetted into a 10 X 5 mm. quartz cell. The sample was the 
treated as usual with xanthine oxidase (50 to 70 c.mm. containing 10 
20 y of protein). 





> , ae, oe we oe 


to | 


ence 
or op 
meas 
tineti 











inizing 


Na was 
centri- 


nd the | 


ration, 
to the 


ercuric 
iltrates 
ere ob- 
rotein- 
> buffer 
glycine 
region, 
1e anal- 
Nu Was 
kept at 


e “orig- 
and 0.1 
lutions 
| mixed 
prevent 
rubber 
dioxide 
buffers 
- optical 
yubbles, 
t beam. 
1 of en- 
always 


1 tissue 
il.) was 
r 3 tot 
ther ad- 
5 (total 
and 08 
yas then 
ig 10 to 








H. M. KALCKAR 433 


EXPERIMENTAL 


Ultraviolet Absorption Data for Individual Purines—Table I lists data on 
molecular extinction coefficients (e) and absorption maxima,! taken from 
the literature or measured by the authors, which are pertinent to the present 
paper. The order of magnitude of these coefficients ranges from 10,000 
to 15,000 in the ultraviolet region between 250 and 290 mu. Very few 
other cellular constituents possess such large coefficients in this region of 
the ultraviolet. 

It will be noticed from Table I that there are minor differences in ¢ for 
the same compound, as measured by different investigators. Presumably, 
this is mainly ascribable to differences in pH. 

The position of the absorption maxima differs distinctly from compound 


TaBLe I 
Molecular Extinction Coefficients of Hydroxypurines 











Compounds ¢X 10-* | Maxima pH Bibliographic reference 
} mp 
Hypoxanthine 0.85 | 249 | Water | Holiday (9) 
Hypoxanthine* 1.05 | 250  7.2t | Kalckar, present paper 
(synthetic) 
Inosine 1.33 | 247 | 2 | Gulland and Holiday (23) 
“ 1.18 | 250 | 7.2t Kalckar, present paper 
Xanthine - 270 | Water | Stimson and Reuter (24) 
Guanine 0.9 250 | 6.6 | Heyroth and Loofbourow (12) 
Guanosine 0.8 250 | 7.2T _ Kalckar, present paper 
1.35 | 250 | Water | Gulland and Story (25) 
Urie acid 1.22} 2900 |7 | Stimson and Reuter (24) 





* Prepared by Dr. E. Bueding Western Reserve University. 
+ Glyeylglycine buffer, pH 7.2, 0.05 m. Correction was made for absorption due 
to the glycylglycine. 


to compound. Hypoxanthine and its derivatives have their maximal 
absorption at 250 mu, whereas the uric acid absorption peak is 290 mu. 
The marked differences in the various absorption curves are better il- 
lustrated in Fig. 1. It will be noted that the oxidation of hypoxanthine 
or xanthine to uric acid would cause an increase in the molecular extinction 


to = 1/L & VC X logo (Jo/J), = the molecular extinction coefficient, in which 
L = the depth of the absorbing layer (in em.), C = the concentration of the absorbing 
material in moles per liter, / and J») = the light transmission of the sample and refer- 
ence cell respectively, \ = the wave-length in my. FE, = log (J9/J), = the extinction 
or optical density will be used extensively throughout this paper. Since the density 
measurements were made with a 1 em. cell, unless otherwise stated, Z, = Ky, the ex- 
tinetion coefficient. 
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at 290 mu (€90) of more than 10,000. Simultaneously, either ex would 
decrease by 4000 (oxidation of hypoxanthine) or €z0 would decrease by 
8000 (oxidation of xanthine). The conversion of uric acid to allantoip 
would result in a decrease in €299 of about 12,000, since allantoin has practi. 
cally no absorption at this wave-length. 

General Principle of Differential Enzymatic Spectrophotometry—Hy. 
poxanthine or xanthine may be oxidized to uric acid by the enzyme xanthine 
oxidase; likewise uricase may be used to convert uric acid to allantoin, 
The changes in extinction at the appropriate wave-lengths resulting from 
the enzyme additions are utilized to calculate the concentration of the 
particular substrate. 


x oo} lypoxanthine 
} /\ \ x——x Xanthine 
€ } o— Uric acid 
4 A 
> 
J 
2- \ 
~ | 
ES aS a ee ae EEE 
240 260 280 300 
Wavelength- my 
Fic. 1. Molecular extinction curves for hypoxanthine, xanthine, and uric acid 


The hydroxypurine ribosides (nucleosides) or the hydroxypurine ribos 
phosphoric esters (nucleotides) are not» oxidized directly by any know 
enzymes. However, it is possible to determine two of the hydroxypurine 
ribosides (inosine, guanosine) spectrophotometrically by using in addition 
to the oxidase a riboside-splitting enzyme (nucleosidase). The liberated 
hydroxypurine may then be oxidized. A mixture of free and ribosidie 
bound hypoxanthine can thus be determined separately by stepwise et 
zymatic oxidation. The oxidizing enzyme is first added and the extinction 
changes (AZ) are recorded. When the extinction change has ceased, the 
riboside-splitting enzyme is added and the optical changes which now oct 
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are a measure Of ribosidic bound hypoxanthine (inosine). In this way 
it is possible to analyze tissues for mixtures of free and bound hypoxan- 
thine or to observe the enzymatic synthesis of inosine or guanosine from 
the free purine and ribose-1-phosphate (26). 

In the case of guanine, free or bound, either two or three enzymes re- 
spectively are required in the analysis. Guanase deaminates guanine to 
xanthine, which is then determined by xanthine oxidase as described above. 
Guanine ribos'de (guanosine) can be estimated by combining nucleosidase, 
guanase, and xanthine oxidase. Determination of hydroxypurine nu- 
cleotides (inosinic acid, xanthyliec acid, guanylic acid) requires, besides 
oxidases and nucleosidases, the addition of phosphatases (either non-specific 
phosphatases or nucleotidases). Table II summarizes the extinction 
changes which take place at various wave-lengths when hydroxypurines 
undergo oxidation. 








Taste II 
Optical Constants of Hydroxypurine Reactions* 

Hydroxypurine, 1 per ml. Enzymes used AE 290 AE2z0 AE x0 AEus 
TO a a =" 4 pe 
Hypoxanthine — uric Xanthineoxidase +0.080 —0.007 —0.030 

acid 
Xanthine — uric acid " " +0.066 —0.053 0 
Guanine — uric acid ” “+ +0.048 -—0.025 

guanase 


Uric acid — allantoin  Uricase —0.072 —0.023 


* Extinctions, measured in 1 em. cells. 


Determination of Hypoxanthine—Hypoxanthine (0.5 to 5 y per ml.) 
was prepared in 0.1 m glycylglycine buffer, pH 7.5; the solution was satu- 
rated with oxygen, purified xanthine oxidase (14) was added (10 to 20 ¥ of 
protein per ml.), and the AF was recorded at 290 and 248 mu. 

It appears from Table III that there is a satisfactory proportionality 
between H29) and the hypoxanthine concentration, and that the observed 
values are in good agreement with the theoretical values calculated by use 
of the data in Table II. This experiment was performed in the presence 
of a neutralized perchloric acid filtrate of dialyzed liver protein (hypoxan- 
thine-free) for the purpose of reproducing the conditions used in practical 
tissue analysis as nearly as possible. 

The AZ299 per microgram of hypoxanthine per ml. is +0.80 (Table II). 
It is possible to determine 0.3 y of hypoxanthine per ml. (0.03 y in 0.1 ml. 
(20)) with an accuracy of 10 or 20 per cent. The analysis of hypoxanthine 
in amounts not exceeding 6 to 8 y per ml. is usually finished within 30 
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minutes. The use of higher concentrations of hypoxanthine may regy} 
in low values; e.g., with a 20 y per ml. solution the recovery was only 
80 per cent. This is probably due to inhibition of the xanthine oxidase 
by hydrogen peroxide. The amount of peroxide produced with lower 
concentrations of hypoxanthine was apparently too small to cause signif. 
cant inhibition of xanthine oxidase. 

Determination of Hypoxanthine Riboside (Inosine)—In order to deter. 
mine ribosidic bound hypoxanthine by the method just described, it jg 
necessary to effect a prior hydrolysis of the ribosidic linkage either by acid or 
by specific enzymes, nucleosidases. Both methods have been used. _Ino- 
sine in dilute solution may be hydrolyzed to free hypoxanthine and ribose 
by boiling for 3 hours in 0.5 N sulfuric acid. The solution is neutralized and 
hypoxanthine may then be determined as previously described. The 
specificity will be, of course, much greater if the hydrolysis is effected 


Taste III 
Determination of Hypozanthine 
Solution of hypoxanthine in glycylglycine buffer, pH 7.5, added to hypoxanthine. 
free liver filtrate and saturated with oxygen. Enzyme xanthine oxidase (10 y of 
protein per ml. of mixture) added. Oxidation to uric acid. 





AF 290 
Concentration of hypoxanthine SS ‘ iattieiniatiiiiecemmmncmintaiiale 
Experimental (obServed) Theoretical (calculated from Tablell 
> per mil. 
2.2 0.162 0.176 
3.3 0.270 0.264 
5.5 0.431 0.440 


enzymatically. Since present nucleoside phosphorylase preparations d 
liver split both guanosine and inosine, it is important for the determinatia 
of inosine in the presence of guanosine that guanase be absent. This 
condition may be readily fulfilled (14). 

Fig. 2 illustrates the absorption changes which occur during a determ: 
nation of inosine by means of xanthine oxidase and nucleoside phosphory- 
lase. The xanthine oxidase was added first and did not cause any chang 
in E29. However, upon the addition of nucleoside phosphorylase the 
extinction at 290 my (2299) increased until the reaction was complete. 4 
quantitative determination of inosine is described in Table IV. The inosine 
concentration may be calculated from either AF29) or AL43. The formers 
the more reliable, since the values are larger. An analysis of a mixture d 
hypoxanthine and inosine is illustrated in Paper III in this series (26). 

Phosphorylated inosine (inosinic acid, inosinie pyrophosphate) can bk 
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determined by using xanthine oxidase, nucleoside phosphorylase, and 
alkaline phosphatase. Inosinic acid can be distinguished from inosinic 
pyrophosphate, since the former is converted to inosine by nucleotidase 
(27), whereas the latter requires, in addition, potato adenylpyrophospha- 
tase (28). 

Determination of Xanthine—Xanthine was determined in the same 
manner as hypoxanthine. The changes caused by addition of xanthine 
oxidase to xanthine have been found to agree satisfactorily with those 
calculated from the F of xanthine and uric acid at 248, 270, and 290 mu 
(Table II). Xanthine can be distinguished from hypoxanthine by the 
different effects of xanthine oxidase on the extinctions at these three wave- 
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Fic. 2. Determination of inosine by means of xanthine oxidase and nucleoside 
phosphorylase (in the presence of phosphate). Ordinate, extinction increase at 290 
my; abscissa, time in minutes after the addition of nucleoside phosphorylase. 


lengths (Table II). There is no change in Fs for xanthine, whereas the 
Es of hypoxanihine decreases. The situation is approximately reversed 
at 270 mu. And, although AZoo is nearly the same for both compounds, 
with hypoxanthine as substrate, a lag period occurs before a change 
in extinction is observed, owing to the intermediate formation of 
xanthine. This lag period is not observed with xanthine, since uric acid 
is formed directly. In mixtures of hypoxanthine and xanthine |!the 
former has been estimated from AEs, the latter from AF2%, and the sum 
of both from AFog0. 

Determination of Guanine and Guanosine. Guanine—Guanine can be 
determined by the increase in E29 which takes place when xanthine oxidase 
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plus guanase is added to a solution of guanine. It will be seen from Table 
II that for the reaction guanine — xanthine — uric acid AF 29 is +0,048, 
and AF2 is —0.025 per microgram of guanine per ml. converted to urie 
acid. 

Since all the xanthine oxidase preparations used were completely free of 
guanase, it was possible to carry out an analysis of xanthine and guanine 
separately. When xanthine oxidase was added to a solution of guanine, 
no reaction took place and no change in extinction resulted. When, how- 
ever, liver guanase and xanthine oxidase were both added, the extinction 
increased at 290 my and decreased at 270 mug. In an illustrative analysis 
three concentrations of guanine (1, 2, and 4 y per ml. in 0.1 M glycyl- 
glycine, pH 7.9) were treated with xanthine oxidase and guanase. The 
resulting values of Af. for the three concentrations were 0.048, 0.098, 


Taste IV 
Determination of Inosine 


Inosine added to oxygen-saturated glycylglycine, 0.1 m, pH 7.97. Addition of 
xanthine oxidase did not change E29) or Ex;. Addition of nucleosidase caused the 


recorded changes in E. 





an eee : Inosine® calculated = Inosine® calculated 
Inosine present AE 20 from Sos SExus from AEos 
y per ml ’ y per ml 
2 +0.076 1.9 —0.033 2.2 
} +0.154 3.9 —0.064 $.3 
6 +0.216 5.4 —0.095 6.4 


* From the data in Table II. 0.505 y of hypoxanthine per microgram of inosine 


and 0.207. The values predicted from Table II were 0.048, 0.096, and 
0.192. 

No systematic studies have been made by this method of the occurrence 
of free guanine in tissues. It is known, however, that tissues contain 
varying amounts of both free guanine and free xanthine. As an illustra 
tion of how the optical procedure could be used to study guanine con- 
pounds, an analysis was made of the purines isolated from tissue nucleit 
acid. The nucleic acid was hydrolyzed for an hour with 10 ~ formic acid 
and 1 N hydrochloric acid. The copper salts were isolated and decomposed 
with hydrogen sulfide. To a small aliquot xanthine oxidase was added. 
The change in E29 indicated the presence of 0.38 mg. of xanthine in the 
entire sample. Upon addition of guanase there was a further increase it 
E29, which indicated the presence of 2.7 mg. of guanine in the sample 
Assuming that adenine was present in the proportion of 1 mole for each 
mole of xanthine plus guanine, the total purine N was calculated to ke 
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99mg. By direct Kjeldahl analysis 3.5 mg. of N were found. The extra 
N is presumably ascribable to contamination with pyrimidines. 

Guanosine (Guanine Riboside)—Guanosine was determined in the same 
manner as guanine except that nucleoside phosphorylase was added in ad- 
dition to xanthine oxidase and guanase. The differentiation between 
guanine and guanosine requires special measures, since sufficiently pure 
guanase preparations are not yet at hand. It has been comparatively 
easy to prepare nucleoside phosphorylase free of guanase (14), but active 
guanase preparations so far obtained have contained varying amounts of 
nucleoside phosphorylase (26). However, in spite of this difficulty, it has 
been possible to differentiate between guanine and guanosine in a mixture 
by taking advantage of the fact that guanosine nucleoside phosphorylase 
requires inorganic phosphate, whereas guanase does not. At concentra- 
tions of phosphate below 0.5 y per ml. nucleosidase activity is very low and 


TABLE V 


Differentiation between Guanine and Guanosine 
Guanine and guanosine 20 y (as guanine) per ml. in 0.1 m glycylglycine, pH 7.9. 
Xanthine oxidase and an enzyme preparation containing both guanosine nucleoside 
phosphorylase and guanase added. 











Substrate Inorganic P concentrate AE290 per 20 min. 
noni ¥ per ml. 7 ; 
Guanine <0.5 0.110 
Guanosine <0.5 0.014 
Guanine 100 0.111 


Guanosine 100 0.100 





the differentiation between guanine and guanosine may be accomplished. 
An example of a qualitative test for these two substances is given in Table V. 

The value of the colorimetric method of Hitchings (29) in distinguishing 
guanosine from guanine or xanthine should be mentioned. The two latter 
compounds give a strong positive test, whereas guanosine gives but slight 
color. 

Determination of Uric Acid—Although specific colorimetric methods for 
the determination of uric acid already exist, the micromethod used in the 
present series of papers has certain merits which warrant its description. 
In the method of Blauch and Koch (5) color (reduction of phosphotungstic 
acid) is measured before and after destruction of uric acid with uricase. 
The difference in color is a measure of the uric acid present. In the present 
method advantage is likewise taken of the enzymatic oxidation of uric acid 
(to allantoin plus other end-products) by uricase. The decrease in ab- 
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sorption at 290 my which results from the addition of purified uricase jg 
used as a measure of the very small amounts of uric acid present. Aj. 
lantoin shows no absorption at 290 my; therefore, the destruction of | 
mole of uric acid per liter causes a decrease in €299 of 12,000 (Fig. 1). This 
is equivalent to a AF of —0.072 per microgram of uric acid per ml, 
In an actual experiment the AZ. observed was —0.074 for a solution 
containing 1 of uric acid per ml. and —0.143 for a solution with 2 y perm. 

By this method uric acid can be determined directly in plasma without 
deproteinization. Uricase is added to the diluted serum and the change in 
extinction is measured at 290 my, where the change is maximal. A reading 
at 320 my, where no change ascribable to uric acid occurs, is also made in 
order to correct for turbidity which occasionally develops (see ‘Discus. 
sion’). This method requires not more than 25 to 30 c.mm. of plasma 
in a 1 mi. volume. 


Taste VI 
Determination of Uric Acid in Plasma 


58 c.mm. of plasma; 2 ml. of 0.1 m glycine buffer, pH 9; uric acid, 50 c.mm. of ui- 
case (200 y of protein). Incubated 50 minutes. 














Uric acid 
AE 290 — _—— a ccnainesiiesttiiaeee 
Added Found Recovered 
Y 7 7 
—0.126 0 3.75 
—(.187 1.85 5.64 1.89 
7.57 3.82 


—0.245 3.70 





In order to make the spectrophotometric measurements it was necessary 
to use a “gray filter” (see “Optical methods”). Otherwise (owing to the 
large amount of protein present in plasma) the transmission at 290 mg 
would be so low as to be difficult to measure. Uric acid itself makes a 
convenient filter. The cell in the first position which was set at “100 per 
cent transmission” was filled with a dilute solution of uric acid. 

In the experiment recorded in Table VI, 58 ¢.mm. of plasma with or 
without extra uric acid were added to 2 ml. of oxygen-saturated 0.1 
glycine buffer, pH 9.4. After thorough mixing, 50 c.mm. of uricase (200 
y of protein) were added and the changes in E29 and F329 were measured. 
Exo remained constant throughout (no turbidity developed in this case). 
E29) decreased for a period of 35 to 50 minutes, depending on the concen- 
tration of uric acid in the cell. A plasma control without added uricase 
remained constant in extinction at both wave-lengths. Readings were 
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made against a cell set at 100 per cent transmission which contained 6 
y of uric acid per ml. in glycine buffer (see “Optical methods’’). The 
recovery of added uric acid was close to the theoretical. 

The value for the original plasma is equivalent to 6.4 mg. per cent un- 
diluted. This figure falls within the range given for plasma by Bulger and 
Johns (30). Blauch and Koch (5) found lower values for whole blood. 
The red blood cell presumably contains no free uric acid (31). 

Davis, Newton, and Benedict found uric acid riboside in the blood of 
yarious animals (19). An enzyme which hydrolyzes this riboside has not 
yet been demonstrated, although it would seem probable that beef liver, 
which also contains considerable amounts of uric acid riboside (32), might 
contain such an enzyme (nucleosidase or non-specific glycosidase). Until 
such an enzyme is found, it is necessary to use acid hydrolysis to measure 
bound uric acid. To illustrate such a measurement, a sample of uric acid 
riboside containing 3.38 y of riboside per ml. was analyzed with uricase 
before and after acid hydrolysis (7 hours at 100° in 0.5 n H.SO,). The 
AF. in the hydrolyzed sample was found to be —0.270; in the non-hy- 
drolyzed sample it was only —0.015. These values correspond to 3.77 
y of total uric acid and 0.21 y of free uric acid. The amount of ribosidic 
bound uric acid was therefore 3.56 y (calculated from ribose 3.8 y). 


DISCUSSION 


All of the methods outlined depend upon changes in extinction. It is, 
therefore, necessary that the only change in extinction which occurs is due 
to the specific chemical reaction concerned. There is some danger that 
this may not always be the case. There may be (a) a concomitant change 
in the optical clarity of the solution, either an increase or a decrease, or 
(b) a chemical change in some absorbing material other than that desired. 
A clear solution may develop turbidity or a turbid solution may become 
clear. It is often possible to check this by measuring the extinction at a 
wave-length at which no extinction change should occur (the isobestic 
point). Appropriate wave-lengths for such measurements have been 
indicated. In general the longer the period of time it is necessary to allow 
the enzyme to act, the greater is the danger of a change in clarity. 

The question of specificity has been discussed for each method. In 
general, this resolves itself into the question of obtaining enzyme prepa- 
rations of sufficient purity (14), and of testing such preparations on a variety 
of possible substrates. It is often possible to check the specificity of the 
reaction produced by measuring the end-products enzymatically. Thus 
the uric acid resulting from xanthine oxidase action on xanthine may be 
measured with uricase. Similarly, in a subsequent paper, it will be shown 
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that the inosine formed by adenosine deaminase from adenosine may be | 
measured enzymatically (13). 
It is, of course, necessary to perform recovery experiments in order to 
make sure that the enzyme preparations employed are functioning properly | 
under the test conditions. 


The procedures described seem to be sufficiently sensitive and specifie |: 
to find use in purine studies. Because of the number of methods eon. | | 
cerned, no one procedure has been elaborated to the fullest degree. It js : 


obvious that each of these methods might with profit be studied more 
critically from the standpoint of reproducibility and specificity under 
various conditions. 


SUMMARY 


Methods are given for the determination of very small amounts of 
hypoxanthine, inosine, xanthine, guanine, guanosine, and uric acid, 
These methods are based on changes in the ultraviolet absorption of these | 
compounds resulting from the action of specific enzymes. The procedures 
combine marked sensitivity with high specificity and seem to be well suited 
for the study of these purines and purine derivatives in biological materials, 
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DIFFERENTIAL SPECTROPHOTOMETRY OF PURINE 
COMPOUNDS BY MEANS OF SPECIFIC ENZYMES 


II. DETERMINATION OF ADENINE COMPOUNDS 


By HERMAN M. KALCKAR* 
Wits THE TECHNICAL ASSISTANCE OF ALICE NEUMAN BESSMANN 


(From the Division of Nutrition and Physiology, The Public Health Research Institute 
of The City of New York, Inc., New York) 


(Received for publication, September 7, 1946) 


The introduction of Paper I of this series included extensive references 
to the literature and details of the principles upon which the differential 
spectrophotometric enzymatic methods for purine compounds are based, 
and the reader is referred there for this information. 

The deamination of adenine to hypoxanthine causes a marked change in 
the absorption spectrum. At 265 mu the optical extinction decreases to 
approximately 40 per cent; at 240 mu the extinction increases. The same 
spectral change takes place after deamination of adenine compounds like 
adenosine (adenine riboside) and phosphorylated adenosines. On this 
change in spectrum and the use of specific deaminase and other enzymes 
are based the quantitative methods for the adenine compounds described 
in this paper. Since the series of adenine compounds is deaminated by 
enzymes which are highly specific toward the several derivatives (1, 2), it is 
possible to determine each of them separately in a mixture. Conversely, 
it is possible to determine the deaminases themselves by measuring opti- 
cally the change in the specific substrate. The enzyme determinations 
will be described in Paper III (3). 

The material in this paper will be presented in the following order: (1) 
certain technical information and a description of the preparation of fil- 
trates, suitable for spectrophotometric analysis, of small tissue samples; 
(2) absolute spectrophotometry of adenine compounds; and (3) differential 
spectrophotometry of adenine compounds by means of specific deaminases. 

Materials— 

Adenine sulfate (Eastman Kodak Company). Recrystallized from water. 

Adenosine (Fordomes Trading Company, Arlington, New Jersey). A 
sample of the preparation, dried in vacuo at 80°, gave the following analy- 
tical values and was therefore essentially pure. 


* Present address, Institute for Medical Physiology, University of Copenhagen, 
Denmark. 
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Found Calculated 
per cent per ceni 
on . . 
Total N..... 26.0 25.9 
Ribose (colorimetric) 56.2 55.5 
- (by reduction ), before hydrolysis* 0 0 
“ce “ “ after 66 * 56.2 55.5 


*2 hours hydrolysis in dilute H.SO, at 100°. 


Inosine. Prepared as previously described (4). 

3-Adenylic acid (Pfanstieh! Chemical Company, Waukegan, IIlinois). 

5-Adenylic acid. Prepared from adenyl pyrophosphate by dephos. 
phorylation of the labile phosphate with a purified potato adenylpyrophos. 
phatase (5). The compound was precipitated as the lead salt, decomposed 
with hydrogen sulfide, and crystallized from water. A sample of recrystal- 
lized material, dried in vacuo at 80°, gave the following analysis. 


Found Calculated 

per cent per cent 
Total nitrogen.. 19.9 19.7 
Phosphorus 8.6 8.6 


P:N ratio 0.43 (calculated 0.44). 


5-Inosinic acid. Prepared from adenylie acid by enzymatic deamina- 
tion with muscle deaminase (3). The substance was obtained as the barium 
salt. Ratio of P:N = 0.53 (calculated 0.55). 

Adenosine triphosphate. Isolated from skeletal muscle of rabbit ae- 
cording to the procedure of Lohmann (6). Ratio, (P, labile) /(P, total) = 
0.65 (calculated 0.67); ratio, (P, total) /(N, total) = 1.28 (calculated 1.33). 

Adenosine diphosphate. Prepared from adenosine triphosphate by in 
cubation with hexokinase and glucose (7). Ratio, (P, labile), (P, total) = 
0.53 (calculated 0.50). 

Inosinic triphosphate—Prepared from adenosine triphosphate by the 
action of nitrite (see Lohmann (6)). Ratio, (P, labile) /(P, total) = 0.66 
(calculated 0.67); ratio, (P, total) /(N, total) = 1.58 (ealeulated 1.66). 

Buffers. The buffers used for the enzymatic analyses varied with the 
enzymes used and the substrates analyzed. With enzymes having pH 
optima in the acid range, succinate buffer proved satisfactory. Glycylgly- 
cine buffers (pH 7.3 to 8) and glycine buffers (pH 8.8 to 9.5) were used for 
enzymes which had optimal activities falling within these buffer ranges. 

The permissible strength depends on the buffer employed and the sub- 
strate analyzed. Succinate buffers do not absorb in the region of the ultra- 
violet used for analysis, and therefore high concentrations can be tolerated. 
In the analysis of adenylic acid and adenyl pyrophosphate 0.16 mM succinate 
buffer, pH 6.1, is recommended. This pH is not too distant from the pH 
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optimum of adenylic acid deaminase (pH 5.9) (1) and yet not so acid as to 
hinder the activity of potato adenylpyrophosphatase or myokinase. 

The succinate buffer (pH 6.1) of twice the final desired strength (0.33 m) 
was prepared as follows: 78.6 gm. of succinic acid were dissolved in 1 liter 
of water, 122 ml. of 10 N NaOH were added, and the mixture diluted to 2 
liters. The exact adjustment of the pH was made with a pH meter. The 
glycylglycine and glycine buffers have been previously described (4). 

Analysis of Small Samples (5 to 10 Mg.) of Tissue. Extraction—Tissue 
samples weighing between 5 and 10 mg. were transferred as rapidly as 
possible into 20 c.mm. of 10 per cent, ice-cold perchlerie acid in a 0.5 ml. 
weighed tube. The tube while still cold was reweighed and the sample 
crushed with a glass rod which had been roughened at one end by a grind- 
stone. After the tissue sample was ground,0.2 ml. of 2.5 per cent perchloric 
acid was added in such a way as to rinse the glass rod, and the mixture 
was stirred by means of a very thin glass rod and centrifuged. To an ali- 
quot of the supernatant were added 0.1 or 0.2 ml. of buffer and then sodium 
hydroxide until the desired pH was reached. (The presence of buffer 
facilitated the adjustment of pH.) The volume was finally brought to 2 
ml., and the sample was ready for enzymatic analysis. 

It was found advisable to keep the perchlorate concentration in the final 
dilution below 0.2 to 0.3 per cent, since higher perchlorate concentrations 
inhibit the enzymes used in the analytical tests and are therefore apt to 
cause low values. 

Enzymatic Analysis—(For further details the reader is referred to Paper 
l of this series (4)). In the analysis of adenosine compounds an aliquot 
(1 ml. or less) of the neutralized filtrate was placed in the absorption cell 
and readings were made at 265 and 240 mu. The first reading after the 
addition of deaminase was made at 265 my and after 2 minutes a reading at 
240 mu was taken. Readings were then made regularly at short intervals. 
The enzyme was added in sufficiently small amounts to insure a fairly 
linear time-reaction curve, and it was therefore possible to extrapolate back 
to zero time. After the readings became constant, the next enzyme was 
added and the same procedure repeated. 

After completion of the enzymatic analysis, as large an aliquot as possible 
of the reaction mixture and an aliquot of an enzyme control sample were 
analyzed for total acid-soluble phosphorus. The net phosphorus value 
was used as a measure of the mass of cells present in the tissue sample and 
as a basis for analytical calculation. This procedure although not ideal is 
preferable to direct weight whenever there is any question of an admixture 
of variable amounts of blood, fat, glycogen, connective tissue, or edema 
fluid in a tissue sample. 

The remainder of the neutralized “original filtrate’’ is sufficient for hypo- 
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xanthine or other analysis if required (uric acid compounds, guanine com. 
pounds, etc.). 


EXPERIMENTAL 


Methods 


The optical measurements were made in the Beckman universal spee- 
trophotometer. The optical technique has been fully described in Paper 
I (4). The measurements are reported ase, the molar extinction coefficient, 
or as Ey, = (log Io/Z), (extinction or optical density). J and J» refer to the 
transmission of the sample and reference cell respectively. Since the 
measurements were made in a 1 em. cell, Ey, = Ky (extinction coefficient), 
the term AEF, the change in extinction, will be used throughout the paper. 

The enzyme preparations used are described in Paper ITI (3). 

Extinction Coefficient of Adenine Compounds—Table I presents the molar 


TABLE [I 


Extinction Coefficients of Adenine Compounds 























Compound « X 10-*| Maxima pH Bibliographic reference 
| mi 
Adenine 1.42 | 260 7 Gulland and Holiday (8) 
Adenosine 1.43 | 260 7 Myrbick et al. (9) 

7" 1.51 | 260 7 Kalckar (present paper) 
5-Adenylic acid | 1.58 260 7 < Fe 29 
Adenosine triphosphate | 1.49 | 260 2 Gulland and Holiday (8) 

«e “eé | 1 35 260 11 “ “ “ 

sc ini ] 


.6 | 260 7 Kalckar (present paper) 








extinction coefficients of adenine compounds pertinent to the work reported 
in this paper. The differences in the ¢ for adenosine triphosphate reported 
by the different authors are possibly due to the various pH values used in 
the determinations. It is, however, important to bear in mind that most 
preparations of “adenosine triphosphate” are actually mixtures of adeno- 
sine triphosphate and adenosine diphosphate. For this reason it is in- 
advisable to use the amount of acid-labile phosphate found as a basis for 
the molar concentration of the polyphosphorylated adenylic acids. It 
would seem to be preferable instead to measure and express adenosine pyT0- 
phosphate samples, for optical purposes, in terms of adenylic acid equivs 
lents. 

The extinction coefficients of hypoxanthine and inosine compounds have 
already been presented in Paper I (4). 

Absorption Spectra of Adenosine and Inosine Compounds—Fig. 1 illus 
trates the ultraviolet absorption of adenosine triphosphate (ATP), adeno- 
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sine monophosphate (AMP), and inosine monophosphate (IMP). The 
presence of the pyrophosphate group makes little if any difference in the 
absorption spectrum (ATP compared with AMP). It is known that in- 
organic pyrophosphate fails to show absorption in the ultraviolet region 
above 210 mu, in spite of the fact that acyl phosphates have a maximum 
at 214 mu (10). The marked difference between the spectra of adenosine 
compounds (e.g. AMP) and inosine compounds (e.g. IMP) is, on the other 
hand, noteworthy. At 265 mu the extinction of the deaminated product 
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Fig. 1. Absorption curves of adenosine triphosphate (ATP), adenosine monophos- 
phate (AMP), and inosine monophosphate (IMP). 


(IMP) is only 40 per cent of that of the amino compound (AMP). The 
wave-length 248 mu represents an isobestic point (crossing of the absorption 
curves). In the region around 240 mz the absorption of inosine compounds 
is greater than that of adenosine compounds. The difference between the 
two curves at 265 mu has approximately twice the value of the difference 
(in the opposite direction) which occurs at 240 my. Identical spectral 
differences obtain between adenosine and inosine, as is illustrated in Fig. 2. 
Here are recorded the extinctions at 240 and 265 mu of five solutions con- 
taining different amounts of adenosine and inosine. The total amount of 
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nucleoside was kept constant. It will be seen that the Es decreases 
linearly as the adenosine is replaced by an equivalent amount of inosine, 
At the same time the 2.49 increases regularly but only by about half the 
amount. These changes simulate the events produced by the enzymatic 
deamination of adenine or its derivatives. On these changes are based the 
analytical methods to be described. 

Determination of Adenosine Compounds—Tissues from various animals 
contain a number of deaminases which are specific toward adenine, adenine 
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Fic. 2. Optical densities of mixtures of adenosine and inosine at 240 and 265 mg. 
Line £5; my shows the rate of decrease in density at 265 mu which would result from 
conversion of adenosine to inosine, while Line H. mu indicates the expected in- 
crease in density at 240 mu due to such a reaction. Concentrations are given in 
micrograms per ml. 


ribosides (nucleosides), or adenine riboside phosphate esters (nucleotides). 
Thus, adenase catalyzes the deamination only of adenine,' and adenosine 
deaminase is strictly specific toward adenosine. The muscle deaminase is 
substrate-specific to such an extent that only 5-adenylic acid (muscle 
adenylic acid) is deaminated (1) in the presence of this enzyme. Adeno- 
sine triphosphate can only be deaminated by adenosine deaminase after 
complete dephosphorylation or by muscle deaminase after removal of the 
two labile phosphate groups. 


‘ Adenine can be deaminated to hypoxanthine by an enzyme, adenase, which has 
been found in the hepatopancreas of crawfish (11) and has also been found to be 
present in rat blood (12). This enzyme has not been isolated in the present series 
of investigations. 
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The extinction changes per microgram of adenine per ml. are as fol- 
lows: AE xs = —0.059, AE249 = +0.032. These values are calculated from 
the extinction changes brought about by the enzymatic deamination of 
adenosine. 

Adenosine—Adenosine is deaminated according to the equation adeno- 
sine (adenine riboside) + H,O — inosine (hypoxanthine riboside) + NHsg. 
This reaction may be effected by a purified adenosine deaminase prepared 
from intestinal mucosa (3). 

Adenosine, in concentrations ranging from 4 to 16 y per ml., was dis- 
solved in 0.1 M glycylglycine, pH 7.2, and the enzyme was added in amounts 
ranging from 0.12 to 3 y of protein per ml. The decrease in extinction at 
265 mu produced by the enzyme addition was found proportional to the 
concentration of adenosine (Fig. 3) and the observed values for AEs are 
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Fic. 3. Illustration of the proportionality between decrease in absorption (AF x5) 
and adenosine concentration resulting from enzymatic conversion to inosine. 


close to those calculated from the E2.; of pure adenosine and inosine solu- 
tions (Fig. 2). In order to measure the ammonia liberation which accom- 
panies the optical changes, rather concentrated adenosine solutions were 
used in another experiment and the readings were made in flat cells with a 
light path of only 3mm. The amount of ammonia liberated when adeno- 
sine was partially or completely deaminated was found to be equal to the 
quantity predicted from AEo5 (Table IT). 

It may be calculated from Fig. 2 that the deamination of 10 y of adeno- 
sine per ml. causes a AEs of —0.263. Since it is possible to measure one- 
tenth of this value with reasonable accuracy, it follows that concentrations 
as low as 1.0 y of adenosine per ml. can be estimated. If 10 X 2mm. cells 
are used, instead of the standard cells 10 X 10 mm., the volume can be de- 
creased to 0.1 ml. or less (13). This makes it possible to measure amounts 
as small as 0.1 y of adenosine. An example of such a micro adenosine 
determination is presented in Table III. The agreement between the ob- 
served and calculated quantities present is satisfactory. 
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Adenylic Acid (Adenosine Monophosphate)—Adenylic acid (either 3- or 5. | 


adenylic acid) can be determined by the spectral changes brought about 
by adding two enzymes, adenosine deaminase and alkaline phosphatase. 
The phosphatase splits off the phosphate group and the adenosine liberated 
is then susceptible to deamination by the adenosine deaminase. Fig. 4 
shows the extinction changes which took place at 265 mu when varying 
amounts of 5-adenylic acid were incubated with the two enzymes. Gly. 
cine, pH 9.2, was used as a buffer. It can be seen that there is a rapid de. 


TABLE II 
Proportionality between Density Change and Ammonia Formation in Deamination 
of Adenosine 
Substrate, 150 y of adenosine (7.9 y of 6-amino N) in 1 ml. of 0.02 m phosphate 
buffer, pH 7.2. Enzyme, adenosine deaminase (3 y of protein in 0.025 ml.). 


——— ——___—_— —<$<$<$<$_____. 








Ammonia N 
Incubation time AE-ws* ste eH RSE lg PRR, inane aa a 
Calculated from density > : 
change (AEss) Found (Nessler) 
msn. 7 Y 
12 —2.27 4.4 4.5 
40 —4.20 8.2 8.6 











* Change in extinction coefficient calculated from extinctions in a 3 mm. cell. 


TaB_e III 
Microdetermination of Adenosine 
Aliquots (0.106 ml.) of adenosine solutions (1 and 2 y per ml.) in 0.1 m glycyl- 
glycine, pH 7.5, were pipetted into 2 X 10 mm. quartz cells. Adenosine deaminase 
(0.2 y of protein in 0.003 ml.) was added. 








AExs Adenosine found Adenosine present 
¥ Y 
—0.030 0.12 0.11 


—0.053 0.21 0.22 
crease in extinction at all substrate concentrations. The end-point which 
is reached when the extinction becomes constant again is sharp for smaller 
amounts. However, when the adenylic acid concentration is high, the 


extinction continyes to decrease slowly with time. The proportionality | 


between extinction changes and concentration of adenylic acid was found | 


to be satisfactory for adenylic acid concentrations smaller than 7 to87 
per ml., whereas the sample containing 14 y of adenylic acid per ml. 
reached only 90 per cent of its theoretical value. The increase in density 
at 240 my» amounted to about half of the decrease at 265 my, which was 
also true in the case of adenosine deamination. 
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5-Adenylic Acid—Adenosine-5-phosphate (5-adenylic acid) can be dis- 
tinguished from 3-adenylic acid by using a more specific enzyme system 
than the one just described. In this case the spectral changes are brought 
about by the addition of purified muscle deaminase (1) (Schmidt’s 
deaminase) which catalyzes the deamination of 5-adenylic acid only. 
Muscle deaminase (2 to 8 y of protein per ml.) was added to a solution of 5- 
adenylic acid (3 to 15 y per ml. in 0.1 M succinate buffer, pH. 5.9). 2 y of 
adenylic acid per ml. gave a AE x5 of —0.041, 4 y a AEs of —0.078, and 8 y 
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Fic. 4. Time curves showing the fall in absorption (AF.;) resulting from the 
addition of muscle deaminase to varying amounts of adenosine monophosphate 
(adenylic acid). Proportionality between final AF 2.; and adenylic acid concentration 
is also shown. 


a AExs of —0.152. No change in absorption occurred at 248 my, the iso- 
bestic point. 

Adenyl Pyrophosphates—Adenyl pyrophosphate (adenosine tri- and di- 
phosphate) can be specifically determined by the spectral changes caused 
by addition of two enzymes, potato adenylpyrophosphatase (5) and muscle 
deaminase. The first enzyme removes the labile phosphate groups, liberat- 
ing 5-adenylic acid, which is subsequently deaminated by the muscle de- 
aminase, as described above. Consequently, the addition of potato enzyme 
or of muscle deaminase separately to a solution of adenyl pyrophosphate 
does not cause any decrease in the extinction at 265 mu, but if both enzymes 
are added together a decrease in the extinction takes place (3). This de- 
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crease is proportional to the amount of adenyl pyrophosphate present, 
For the analysis of adenyl pyrophosphate, potato enzyme was added jp 
amounts ranging from 5 to 15 y of protein per ml., and muscle deaminase jp 
amounts from 5 to 10 y of protein per ml. Sodium succinate, pH 6.1, was 
used as buffer. 

In a typical analysis adenosine triphosphate, at a concentration equiva. 
lent to 3 y of adenylic acid per ml., gave the following extinction changes 


upon addition of the enzymes: AF»; = —0.62 and AF = +0.035. With 
one-third the amount of adenosine triphosphate the following values were 
obtained: AE; = —0.021 and AEs. = +0.015. Thus the extinction 


change at 265 my is proportional to the concentration. The extinction 
change at 240 my is too small to be measured accurately in this concentra. 
tion range. 


TaBLe IV 
Determination of Adenosine Diphosphate 
Adenosine diphosphate (ratio of labile P to total P = 0.5) was dissolved in sue. 
cinate buffer, pH 6.1. Enzymes used, muscle deaminase, 10 y of protein per ml, 
myokinase, 20 y of protein per ml. 


ADP present* AExs ADP found* 
I 
> per mi > per ml 
5.9 —0.055 5.4 


11.8 —0.110 10.9 


* Calculated as adenylic acid. 


Adenosine diphosphate was determined spectrophotometrically by using 
two enzymes, myokinase (7) and muscle deaminase. Myokinase was 
added in amounts of 5 to 20 y of protein per ml., with sodium succinate, 
pH 6.1, as buffer. Myokinase converts 2 molecules of adenosine diphos- 
phate into / molecule of adenosine triphosphate and / of adenylic acid (7). 
By addition of muscle deaminase, the adenylic acid formed (which repre- 
sents one-half of the adenosine diphosphate originally present) was deter- 
mined. It appears from Table IV that —AE 5 is a valid measure of the 
amount of adenosine diphosphate present. 

Mixture of Adenosine Compounds—From the methods and principles 
previously outlined it is possible to determine separately adenosine, aden- 
ylic acid, and adenyl pyrophosphate in a mixture of all three. An analysisd 
such a mixture will be described in the next section. 


2 Adenosine triphosphate can also be distinguished from the diphosphate by 
measuring the acid liberated from the action of hexokinase on the triphosphate, # 
described by Colowick and Kalckar (14). A spectrophotometric micromethod based 
on the acidification accompanying the hexokinase test could undoubtedly be de- 
veloped for the visible spectral range with pH indicators. 
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Determination of Adenosine Compounds in Plasma and Tissues—The 
methods just described make it possible to determine small amounts of 
adenosine compounds in protein-free filtrates of biological material. The 
preparation of this material (collecting, deproteinization, etc.) for analysis 
js described above. 

Addition of adenyliec acid to plasma with subsequent determination of 
adenylic acid in the deproteinized filtrate showed satisfactory recovery of 
the amounts added (Table V). The plasma filtrate contained substances 
which inhibited the deaminases used for analysis, particularly when the 
substrate concentration was low. It was therefore not possible to deter- 
mine accurately adenosine or adenylic acid compounds in plasma in con- 
centrations lower than 4 to 8 y per ml. (2 y per ml. of filtrate). Deter- 
minations of amounts smaller than 3 y per ml. can be characterized only as 
crude estimates. 


TABLE V 
Determination of 5-Adenylic Acid in Human Blood Plasma 
5-Adenylic acid was added to plasma which was then deproteinized with HgCh, 
decomposed with H.S, and neutralized. The filtrate was analyzed at pH 9 with adeno- 
sine deaminase and phosphatase; final dilution 3.34-fold. 


AExs corrected Plasma adenylic acid 
AE xs for —— § nciieaenaceiligicaaleiecenamen —— 
blank =| Found Added 
y per mil. ¥ per “. 
Sample 1..... —0.030 —0.025 4.0 4.2 
1s ee : ; —0.054 —0.049 8.0 8.3 
ES ee —0.005 0 





It is possible to analyze a mixture of adenosine, adenylic acid, and adenyl 
pyrophosphate, as the following example illustrates. To 1 ml. of human 
plasma were added 8 y of adenosine, 6.2 y of 5-adenylic acid, and 6.2 y of 
adenosine triphosphate (all calculated as adenosine). The plasma was 
deproteinized with mercuric chloride, decomposed, and the filtrate neu- 
tralized. The final dilution was 5-fold. The filtrate was analyzed (a) 
stepwise for each adenosine compound and (b) for total adenosine (Table 
VI; Fig.5). (a) The stepwise analysis was carried out on 0.7 ml. of filtrate 
adjusted to pH 6. The first enzyme added was adenosine deaminase (1 
of protein in 0.02 ml.). When the reaction was finished, muscle (5-adenylic 
acid) deaminase (10 y of protein in 0.02 ml.) was added, followed finally by 
potato adenylpyrophosphatase (2 y of protein in 0.02 ml.). (b) The analy- 
sis of total adenosine was carried out with intestinal deaminase plus phos- 
phatase at pH 9. The recovery was approximately 90 per cent. The sum 
of the separate values was found to be lower by about 10 per cent than the 
value obtained by determining total adenosine. 











456 PURINE COMPOUNDS. II 


Normal non-hemolyzed plasma does not contain adenylic acid in detect. 





able amounts, nor does serum from defibrinated blood. Plasma (nop. | 


TaB_Le VI 
Analysis of Mixture of Three Adenosine Compounds in Plasma 


See the text for details; values are corrected for plasma blanks. 


ee 


Adenosine equivalent in plasma 


Enzyme used for analysis AE xs wee 

Found Calculated 

y per mi. Y per mi, 
Adenosine deaminase —0.035 6.6 8.0 
Adenylic " —(.028 5.4 6.2 
Deaminase + pyrophosphatase —0.025 5.0 6.2 
| ee —0.088 17.0 20.4 
Adenosine deaminase + phosphatase —0.098 1S.8 20.4 
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Fic. 5. Curves illustrating extinction changes which occur during analysis of a | 
mixture of adenosine, 5-adenylic acid, and adenyl pyrophosphate (three-step curve), | 
and for total adenosine compounds. Enzyme 1 (adenosine deaminase) reaction gives 
the adenosine content; Enzyme 2 (muscle, 5-adenylic acid deaminase) reaction give 
the 5-adenylic acid content ; Enzyme 3 (adenylpyrophosphatase) reaction in present 
of Enzyme 2 gives the adenyl pyrophosphate content. In the presence of Enzyme? 
(phosphatase) and Enzyme 1, total adenosine compounds are determined. 


hemolyzed) collected from venous blood from traumatized extremitie 
contains traces of adenylic acid compounds. The relation of adenylic aa 
to traumatic shock will be discussed elsewhere (15). 
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Adenosine Compounds in Tissue Filtrates—It is possible to estimate 
adenosine compounds in small tissue samples. However, as in the case of 
plasma filtrates, certain components present in the tissue filtrates seem to 
exert an inhibitory effect on the deaminases, particularly if the concentra- 
tion of adenosine compounds is very low. 

The accuracy of determinations of adenyl pyrophosphate in muscle 
samples was checked by measuring the recovery of adenyl pyrophosphate 
added to a protein-free filtrate. The concentration of adenosine triphos- 
phate in the original filtrate was found to be 2.5 y per ml. (calculated as 
adenylic acid). The concentration of extra adenosine triphosphate in the 
recovery sample was 2.8 y per ml. (as adenylic acid) and 2.78 y were found. 
The extinction changes attending deamination are therefore the same for 
pure solutions and for muscle filtrates. If the perchlorate concentration is 
too high (higher than 0.7 to 0.8 per cent), the values tend to be low, particu- 
larly in filtrates from very small muscle samples. 

Adenosine Pyrophosphate Content of Tissues—The increase in inorganic 
phosphate resulting from heating acid extracts of tissues (1 N H:SO,, 100°, 
10 minutes) has been extensively used as a measure of the adenosine pyro- 
phosphate content of tissues. The proposed optical procedure now makes 
possible a test of the validity of this acid hydrolysis method. Comparisons 
of the two procedures have been made on liver and muscle extracts. 

Perchloric acid extracts were prepared as rapidly as possible and the fil- 
trates neutralized. One aliquot was used for pyrophosphate determina- 
tion by acid hydrolysis; another aliquot was diluted 50 to 100 times and 
analyzed for adenyl pyrophosphate by means of adenylic acid deaminase, 
potato adenylpyrophosphatase, and spectrophotometric measurements. 
Adenylic acid was also measured in the process. 

In non-fasting rat liver the optical analysis showed the presence of 252 
7 of free adenylic acid and 346 y of adeny] pyrophosphate (as adenylic acid) 
per ml. of original filtrate, or a total of 598 y of combined and free adenylic 
acid per ml. The 346 y of adenyl pyrophosphate would correspond to be- 
tween 30 and 60 y of pyrophosphate P, depending upon the proportion of 
adenosine di- and triphosphate. The results of the phosphorus analyses 
indicated the presence of 110 y of pyrophosphate phosphorus per ml. (10 
minute-hydrolyzable fraction). It is thus obvious that only a part, at most 
half, of this easily hydrolyzable phosphate fraction was derived from pyro- 
phosphate of the adenosine phosphate esters. This would seem to discount 
the validity of the 10 minute acid hydrolysis method as a measure of adenyl 
pyrophosphate in liver. 

In muscle, the optical analysis showed the presence of 530 y of adenyl 
pyrophosphate (as adenylic acid) per ml. of original filtrate and no free 
adenylic acid. This amount of adenyl pyrophosphate, in the form of adeno- 
sine triphosphate, would contain approximately 90 y of labile P. The 








458 PURINE COMPOUNDS. II 


phosphorus analyses indicated the presence of only 63 y of pyrophosphate 
(10 minute-hydrolyzable P). Therefore, part of the adenyl pyrophosphate 





must have been present in the form of adenosine diphosphate. In gener 


it can be stated that, in contrast to liver, the 10 minute-hydrolyzable phos. | 


phate of muscle can be accounted for as adenosine diphosphate plus adeno. 
sine triphosphate. 
Evaluation of Methods 
A general discussion of the validity and sources of errors of enzymatic 
spectrophotometric methods for purine analysis was presented in Paper | 
(4), and only a few comments will be added here. It was mentioned ther 


that it is possible, and indeed advisable in certain cases, to analyz | 


the amount and nature of the end-products of the enzymatic reaction used 


in the determination. Since this type of double enzymatic analysis cap 


be most useful in the study of adenosine compounds, an illustration of such | 


an analysis is given here. To 2 ml. of a solution of adenosine in 0.07 y 
glycylglycine, pH 7.9, was added 0.1 ml. of adenosine deaminase. The 


total AE xs was equal to —0.252, corresponding to the conversion of 102 | 


y of adenosine per ml. to 10.2 y of inosine per ml. (corrected for dilution 
After the deamination had run to completion, the inosine formed was ana- 
lyzed by adding xanthine oxidase and, after 10 minutes, nucleoside phos. 
phorylase and 200 y of inorganic phosphate (4). No extinction changes 
occurred in the presence of xanthine oxidase alone. After addition o 
nucleoside phosphorylase and phosphate the extinction AF 299 was equal te 
+0.342, which corresponds (after correction for dilution from the enzyme 
additions) to the conversion to uric acid via hypoxanthine of 10.2 7 d 
inosine per ml. 
SUMMARY 

1. The absorption spectra and extinction coefficients are given for 
adenylie acid, adenyl pyrophosphate, and inosinic pyrophosphate. 

2. Methods are given for the determination of adenosine, adenosine-- 
phosphate, adenosine-5-phosphate plus adenosine-3-phosphate, adenosine 
diphosphate, adenosine triphosphate, and adenosine diphosphate pli 
adenosine triphosphate. These methods combine the high sensitivity @ 
spectrophotometric measurements with the specificity possible through the 
use of enzymatic degradation. 

3. Illustrative examples are given of the analyses of these compounds it 
pure solution and in tissue extracts. 
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DIFFERENTIAL SPECTROPHOTOMETRY OF PURINE 
COMPOUNDS BY MEANS OF SPECIFIC ENZYMES 


Ill. STUDIES OF THE ENZYMES OF PURINE METABOLISM 
By HERMAN M. KALCKAR* 


WitH THE TECHNICAL ASSISTANCE OF Manya SHAFRAN 


(From the Division of Nutrition and Physiology, The Public Health Research Institute 
of The City of New York, Inc., New York) 


(Received for publication, September 7, 1946) 


It has been shown that the concentration of various purines may be 
estimated with considerable specificity and at high dilution by measuring 
the spectral changes in the ultraviolet region induced by the addition of 
specific enzymes which act upon the purines concerned (1, 2). It is the 
purpose of this communication to describe the preparation of the necessary 
enzymes for these analytical purposes and to discuss certain of their proper- 
ties. It will also be shown how the same ultraviolet spectral changes may 
be used to assess the activity of the enzymes themselves. Determinations 
of enzyme activities are of interest for isolation studies, for studying enzyme 
kinetics, equilibria, etc., and for assessing the concentration of enzymes in 
tissues and tissue extracts. Some of the inherent difficulties in making 
measurements on crude tissue extracts are discussed. 


EXPERIMENTAL 
Methods 


The substrate concentrations and enzyme activities were determined by 
allowing action to occur on the substrates and measuring the change in 
these substrates by optical means. The optical measurements were made 
with the Beckman spectrophotometer, model DU, and have been previously 
described in detail and terms have been defined (1). 

An optical method was also used for measuring the protein concentration 
of the enzyme solutions. Most proteins show a distinct light absorption 
maximum at 280 my, due primarily to the presence of tyrosine and trypto- 
phane. Since the tyrosine and tryptophane content of various enzymes 
varies only within reasonably narrow limits, the absorption peak at 280 mu 
has been used as a rapid and fairly sensitive measure of the protein concen- 


* Present address, Institute for Medical Physiology, University of Copenhagen, 
Denmark. 

‘By = log ‘J./J), = extinction or optical density. Since the density measure- 
ments were made with a 1 cm. cell, Ey = Ky the extinction coefficient. 
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tration in the absence of interfering materials. Unfortunately, nucleic 
acid, which is apt to be present in enzyme preparations, has a strong ultra. 
violet absorption band. Indeed, the extinction coefficient of nucleic acid 
at 280 mu is 10-fold higher than that of protein. Therefore, even a fey 
per cent of nucleic acid in such a preparation will greatly influence the 
absorption and hence lead to large errors. 

Nucleic acid absorbs much more strongly at 260 than at 280 muy, whereas 
in the case of protein the reverse is true. Warburg and Christian (3) took 
advantage of this fact to overcome the above difficulty. They determined 
the absorption at 260 and 280 my of known nucleic acid-protein mixtures, 
On the basis of the data obtained they were then able to estimate 
the amount of protein present in unknown samples by measuring the ab- 
sorption at both 260 and 280 my. The method gives accurate values for 
the protein concentration provided the nucleic acid concentration does not 
exceed 20 per cent (usually the values in enzyme preparations are below 5 
per cent), and provided the solutions are not turbid. This method of esti- 
mating the protein concentration of various enzymes has been used in the 
present series of papers. At the suggestion of Dr. O. H. Lowry the follovw- 
ing equation has been used (4), protein (mg. per ml.) = 1.45 E2so — 0.74 
Exo, where E239 and Exo signify the extinction of the solution at wave- 
length 280 or 260 mu. This formula makes it unnecessary to use tables or 
graphs. 

Adenosine Deaminase 


This enzyme, which occurs in numerous tissues including the intestine 
(5), has previously been studied only in minced tissue or crude tissue ex- 
tracts in which it occurs together with phosphatases and many other en- 
zymes. In order to use adenosine deaminase as a tool in the optical test 
for adenosine and to study the properties of the enzyme, it was necessary to 
subject it to a number of purification procedures. It has been possible to 
obtain preparations of adenosine deaminases showing activity with les 
than 0.1 y of total protein per ml. 

Purification—The first steps were identical with those used in the pur- 
fication of intestinal phosphatase by Schmidt and Thannhauser (6). The 
mucosa from calf intestine was digested with trypsin in the presence 
toluene for 36 hours and then filtered through a cake of Hyflo. To the 
filtrate were added 600 gm. of ammonium sulfate per liter. The pr 
cipitate was collected on a film of Hyflo and redissolved in 0.1 M ammonium 
acetate, pH 8.5. Solid ammonium sulfate was added to the solution 1 
bring the concentration to 500 gm. per liter. The precipitate whid 
formed was redissolved in 0.1 M ammonium acetate, pH 8.5, and wa 
dialyzed overnight at 0° against 0.025 m ammonium acetate, pH 8 (Fre 
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tion 1). In order to separate adenosine deaminase from phosphatase, 
0.1 volume of alumina cream (containing 25 mg. of aluminum hydroxide 
per ml.) was added to Fraction 1 (7). After 10 minutes of stirring at 
room temperature the mixture was centrifuged, and to the supernatant 
was added 0.05 volume of alumina cream. The mixture was centrifuged 
and both precipitates were combined and eluted with 0.2 mM phosphate 
buffer, pH 8, and dialyzed 24 hours against 0.02 M ammonium acetate, 
pH8. The supernatant from the aluminum mixture (‘‘Al-sup’’) contained 
all the phosphatase (6, 7) and about 35 to 40 per cent of the adenosine 
deaminase present in Fraction 1. The eluate from the alumina precipitate 
(“Al-el”) was almost devoid of phosphatase but contained more than 
half of the adenosine deaminase present in Fraction 1. The initial rates 
of deamination of adenosine and 5-adenylic acid at pH 9 were compared 
in various fractions. In Fraction 1 adenylic acid was deaminated during 
the first 10 minutes of incubation at a rate which was 10 per cent of that 
observed for adenosine. In Al-sup the rate of deamination of adenylic 
acid was 20 to 25 per cent of that of adenosine deamination. In Al-el 
the rate of deamination of adenylic acid was only about 2 per cent of that 
of adenosine deamination. Al-el was therefore used as an analytical 
agent for adenosine, whereas Al-sup was suitable for the determination 
of the sum of free and phosphorylated adenosine (2). 

Solutions of Al-el containing 0.4 to 1 y of protein per ml. have usually 
been used for analytical purposes. The activity of the intestinal adenosine 
deaminase can be further increased by repeated fractionation of Al-el 
with ammonium sulfate. 

Al-el has been kept for several months in a freezing box (—25°) without 
losing significant amounts of activity. Al-sup has been kept for months 
at 0°. The phosphatase activity was less well retained in the frozen 
state (—20°). 

Influence of pH and of Carbon Dioxide—Adenosine deaminase is active 
overa very wide pH range. Although the pH optimum is near the neutral 
point, the activities at pH 9 and at pH 6 are almost two-thirds of that at 
the optimal pH. 

Conway and Cooke (8) reported that the deamination cf adenosine in 
blood depends upon the carbon dioxide pressure; that is, blood which 
was collected in such a manner that no carbon dioxide escaped showed 
very slow ammonia formation, whereas blood which was collected without 
precautions to prevent the escape of carbon dioxide showed a very high 
rate of ammonia formation. The effect of carbon dioxide on purified 
adenosine deaminase was tested in the present series of investigations 
and no effect on the rate or extent of deamination was found. Equally 
hegative findings were obtained for a purified adenosine deaminase pre- 
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pared from dialyzed alcohol-chloroform filtrates (9) from hemolysates of 
beef erythrocytes. Furthermore, it has not been possible to demonstrate 
reamination of inosine to adenosine by adding bicarbonate and ammonig 
to inosine and adenosine deaminase. Conway’s findings, if confirmed, 
must therefore be ascribed to some indirect effect of carbon dioxide logs, | 
Determination of Adenosine Deaminase—Table I illustrates a deter. 
mination of adenosine deaminase (Al-el) activity with adenosine as 4 
substrate. The high sensitivity of the optical test and the great activity 
of the enzyme make it possible to detect the enzyme in concentrations of | 
less than 0.05 y of protein per ml. The initial rate of deamination js | 
proportional to the amount of enzyme added, provided this amount js | 


TABLE I 
Determination of Activity of Purified Adenosine Deaminase (Al-el) 
Adenosine, 12 y per ml.; buffer, glycylglycine 0.05 m, pH 7.6; enzyme, Al-el con. 
centration 0.6 y of protein per ml. 








Incubation time Exs —AExs per min. Incubation time Exs —AExs per min 
min. min 
} 0.725 6 0.448 
0.074 0.019 2 
] 0.688 8 0.410 
0.066 0.010 
2 0.622 10 0.390 
0.054 0.003 
3 0.568 15 0.377 
0.048 0.000 
4 0.520 20 0.377 
0.036 
The maximal rate corresponds to a deamination of 280 mg. of adenosine per | 
95° - ' 
mg. of enzyme per hour at 25° or a <a of 23,000 (see foot-note 4). 
small enough to insure an initial rate which is constant for at least 10 | 
minutes. Fig. 1 illustrates such proportionality with an enzyme prepare: | 
tion of about 10 per cent of the activity of the enzyme used in the expen- 
ment described in Table I. The rate of deamination of adenosine it- 
° . ° ° _ ie 
creases with increasing amounts of substrate (Fig. 2). A concentratio | 
of about 10 y of adenosine per ml. corresponds to approximately 50 pet 
cent of the maximal rate. 
Phosphat ~ 
vosphatasc pom 


It is possible to study non-specific phosphatases as well as_ specilt 
nucleotide phosphatases (nucleotidases) by following the deamination d dear 
adenyliec acid in the presence of excess of purified adenosine deamina®| of p 
(Al-el) and the phosphatase assayed. In the presence of Al-el alone m| ader 
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Fic. 1. Rate of deamination of adenosine in the presence of various amounts of 


adenosine deaminase. 
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Fic. 2. Rate of deamination (AF; per 5 minute period) of adenosine in the pres- 


ence of varying amounts of substrate. 


deamination of adenylic acid takes place. If, however, a few micrograms 
of purified phosphatase (e.g. Al-sup) are added, a rapid deamination of 
adenylic acid occurs. The method is not of much importance for the 
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study of the non-specific phosphatases, since ample micromethods for 
these enzymes exist (10). However, for the study of nucleotidases the 
method offers several advantages because of its sensitivity and specificity. 


Adenylic Acid Deaminase (Schmidt's Deaminase) 


This enzyme deaminates only adenosine-5-phosphate. 

Preparation A—Skeletal muscle from a well fed rabbit was ground and 
extracted with 3 volumes of chilled water and the strongly turbid extraet 
was left in the ice chest overnight. The lactic acid formed from glycogen 
acidifies the mixture to about pH 6, which brings about the flocculation 
and sedimentation of the muscle deaminase. The precipitate was spun 
off and extracted with 1 M ammonium acetate, pH 8, in the shaking 
machine, the coarse precipitate was spun down, and the turbid super. 
natant was subjected to ammonium sulfate fractionation. The fraction 
which was precipitated between 0.3 and 0.5 saturated ammoniacal am- 
monium sulfate showed the highest deaminase activity. 

Preparation B—Myosin preparations contain a considerable amount of 
adenylic acid deaminase which is retained when myosin is subjected to pur- 
fication (11). It is possible to obtain highly active deaminase preparations 
from this source; however, the yield is much smaller than that obtained 
for Preparation A. A solution of myosin prepared according to Bailey 
(12) was dialyzed against 0.02 mM ammonium acetate, pH 8, for 5 to6 
hours. The myosin precipitate was centrifuged off and the deaminase 
which remained in the supernatant was precipitated at pH 6 by adding sue- 
cinate buffer (0.2 volume of 0.3 m solution, pH 5.9). The precipitate was 
redissolved in a small volume of 0.1 M ammonium acetate, pH 8, and then 
subjected to ammonium sulfate fractionation. The fraction which was 
precipitated between 0.3 and 0.5 saturation of ammonium sulfate was by 
far the most active. It was about 5 times more active than the previous 
fraction (solution of isoelectric precipitate). The fractions obtained from 
the myosin preparations are generally more active than those derived from 
aqueous muscle extracts. The latter, however, yield larger amounts @ 
enzyme and the preparations keep their activity for a longer time than 
those prepared from myosin. The most potent sample obtained from 
myosin preparations had about twice the activity of the most active 
fraction obtained from muscle extracts. 

These activities were measured under the following incubation conditions: 
substrate, 5-adenylic acid, 15 y per ml.; buffer, 0.1 M succinate, pH 5; 
temperature 27°. The purest fraction of Preparation A at a proteil 
concentration of 1 y per ml. gave a AE 5 in 5 minutes of —0.040, whereas 
the purest fraction of Preparation B, at the same protein concentratia 
gave a AEs in 5 minutes of —0.105. The latter activity corresponds tos 
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deamination of 1 y of adenylic acid per minute per microgram of enzyme. 
This is not an exceptionally high activity. Nevertheless, either of these 
preparations was sufficiently active and free from disturbing factors to 
be used as reagents for measuring adenylic acid in dilute solution. 

Solubility and Stability—Adenylic acid deaminase is an enzyme which so 
far has not been obtained in true solution but only as finely dispersed 
suspensions. It is possible to prevent flocculation of the suspended 
enzyme either by adding alkali or by adding salt. If the enzyme is used 
in concentrations smaller than 5 y of protein per ml., as is usually the case 
in the optical test, addition of salt is not necessary even at an acid pH. 
However, if the enzyme concentration exceeds 5 y per ml., it is advisable 
to add sodium chloride to the mixture to a concentration of 0.2 m. The 
stability of the muscle deaminase is subject to great variations for reasons 
which are not understood. In some cases purified fractions from muscle 
extracts were kept for more than 6 months in the frozen state (—25°) with 
very little loss in activity. In other cases, however, the activity was 
almost entirely lost during a period of 2 to 3 weeks. The loss in activity 
was accompanied by flocculation of the enzyme. It was found that 
freezing often gave rise to flocculation, and it was therefore considered 
advisable to keep the enzyme at a temperature a little above 0°. 

Effect of pH—As noted by Schmidt (7), there is a very sharp optimal 
activity for adenylic acid deaminase at pH 5.9. The activity at the neutral 
point is less than one-fifth of that at pH 5.9. It is therefore important to 
study this deaminase in very well buffered solutions. The most satis- 
factory buffer was found to be a succinate solution which has a high buffer 
capacity at pH 5.9 to 6 and which does not possess any absorption in the 
region of the ultraviolet used. It can therefore be utilized in fairly high 
concentrations (0.1 to 0.2 mM). 

Kinetics—The rate of deamination of 15 y of adenylic acid per ml. in 
the presence of 1.5 y of purified deaminase remained constant during the 
first 10 minutes and then slowly fell off. The rate of decrease in Es was 
proportional to the concentration of enzyme during the initial part of 
the reaction. The rate increased with increasing concentrations of sub- 
strate. However, no detailed studies of this relationship were performed. 

Deamination and Reamination—It has not been possible to reverse the 
deamination of adenylic acid by adding large amounts of ammonium 
ions. Thus, a solution of inosine containing 7 per cent ammonium sulfate 
(a concentration which does not inhibit the deaminase significantly) 
incubated with muscle deaminase showed no evidence of amination as 
judged by the changes in extinction at 265 and 240 muy (increase at 265 mu 
or decrease at 240 mu). In the intact muscle inosinic acid is reaminated 
(13) and this reamination takes place only under aerobic conditions (14). 
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Kalckar and Rittenberg, using isotopic nitrogen (N"), have recently 
observed in preliminary experiments an extremely rapid rejuvenation of 
the 6-amino group of muscle adenyl pyrophosphate in vivo. An account 
of these experiments and the discussion of the mechanism of reaminatiop 
will appear elsewhere. 


M yokinase 


Myokinase is a muscle enzyme which catalyzes the reversible reaction, 
2 adenosine diphosphate — 1 adenosine triphosphate + 1 adenylic acid 





rh 


; 


yy tf lu 
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(15). The rate of formation of adenylic acid can be determined with | 
adenylic acid deaminase. When the deaminase is added to adenosine 

diphosphate in sufficient excess to make myokinase the limiting factor, | 
the AE; becomes a measure of the myokinase activity. A determination | 


of myokinase by this method is illustrated in Table II. Muscle deaminase 


TaBLeE II 


Determination of Myokinase 


Substrate, adenosine diphosphate (16 y as adenylic acid per ml.); buffer, 0.1 y 


succinate, pH 6.05; temperature, 27.5°. 


Sample 1. Water + Sample 2. Deaminase, Sample 3. Deaminase 
Incubation time myokinase, 2.5 5 y per ml., + myokinase, | 5 y per ml., + myokinse 
y per ml. 2.5 y per ml 5 y per ml 
min AExs AE xs AExs 
5 0 —0.023 —0.053 
15 +0.005 —0.055 —0.110 
60 +0.010 —0.150 —(0.158 
120 +0.010 —0.155 —0.160 


‘ , : - ; ; = 
5 y per ml., was added first. After 10 minutes of incubation, during whieh 

time no extinction changes occurred, purified myokinase was added in| 
two concentrations, 2.5 and5y perml. The corrected end-value, —0.16 | 


(—0.155 — 0.010), is slightly greater than the value calculated from 
the adenosine diphosphate concentration. (The adenosine diphosphate 
solution used contained the equivalent of 16 y of adenylic acid per ml, 
of which half may be converted by myokinase into free adenylic acid 
The conversion of 8 y of adenylic acid per ml. to inosinic acid corresponds 
to AEs; —0.150.) Myokinase is activated by magnesium ions; the rate 
of decrease in extinction is 3- to 4-fold higher in the presence of 0.2 mg 
per ml. of magnesium chloride than in its absence (Fig. 3; (15)). 

The optical myokinase test has several advantages over the methol 
previously used, in which comparatively large amounts of adenositt 
diphosphate were required (at least 800 to 1000 y of adenylic acid equiv® 
lents), and the protein filtrates had to be subjected to a barium fraction 
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tion with subsequent analysis of the barium precipitate and the barium 
supernatant. In the optical test much less adenosine diphosphate is 
required and the reaction products do not have to be separated. The 
optical myokinase test can be performed in 20 to 30 minutes, whereas the 
old test required an hour or two. 

The concentration of adenosine diphosphate may also be measured 
by the combined use of the two enzymes above (15). The preparation 
of myokinase in sufficient purity for this purpose has been previously 
described (16). 





.110 


o——o Myokinase with Mg** 
o_+ " without Mg** 
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Fic. 3. Rate of myokinase activity with or without added magnesium 


Adenylpyrophosphatase 


Potato adenylpyrophosphatase catalyzes the reactions, adenosine 
triphosphate — adenylic acid + 2 phosphate; adenosine diphosphate — 
adenylic acid + phosphate. 

Preparation—The potato adenylpyrophosphatase was prepared by a 
modification of a method previously described (17). Potatoes were 
extracted with 3 volumes of 0.1 M ammonium acetate, pH 8.5. The 
extract was saturated with ammonium sulfate. The protein precipitate 
thus obtained was redissolved in 0.1 M ammonium acetate, pH 8.5. To 
this solution was added 0.1 volume of aluminum hydroxide (containing 
25 mg. of Al(OH)3 per ml.). The precipitate, which contains mainly 
pigmented material, was discarded and to the supernatant was added 
0.5 volume of saturated ammonium sulfate solution. The precipitate 
was discarded and the supernatant, which contained the adenylpyro- 
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phosphatase, was either used directly or the protein was precipitated 
in 0.8 saturated ammonium sulfate and redissolved. The pH optimum 
of the potato enzyme is 6.8. It is necessary to add calcium ions in order to 
insure full activity. 

The adenylpyrophosphatase prepared as described above is suitable 
for analytical purposes. In Fig. 4 are shown the changes in extinction 
induced by the combined action of adenylpyrophosphatase and adenylic 
acid deaminase on adenosine triphosphate. It will be evident that by 
appropriate use of adenylpyrophosphatase (AP), myokinase, and adenylic 
acid deaminase, a mixture of adenosine mono-, di-, and triphosphate may 
Thus if the enzymes are added to a solution in the order 
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Fic. 4. Optical changes resulting from treatment of adenosine triphosphate with 
potato adenosinetriphosphatase (Enzyme 1) plus muscle deaminase (Enzyme 2). 


adenylic acid deaminase, myokinase, and finally AP, the successive optical 
changes will indicate the concentration respectively of adenosine mono 
phosphate, } adenosine diphosphate, and finally } adenosine diphosphate 
plus the adenosine triphosphate. Other enzymes may be used in place oi 
potato AP to achieve the same purpose. Thus two enzymes are known 
which attack only the terminal phosphate group of adenosine triphosphate. 
Myosin adenosine triphosphatase catalyzes the reaction, adenosine tt: 
phosphate — adenosine diphosphate + phosphate (18, 12), and hexokinas 
catalyzes the reaction, adenosine triphosphate + glucose — adenosine 
diphosphate ++ hexose monophosphate. By appropriate combination 
of either of these enzymes with myokinase and adenylic acid deaminas 
the adenosine derivatives may be estimated. Conversely, the concel- 
tration of any one of the three enzymes which attack adenosine triphos 


phate may be estimated in a similar manner. 
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Xanthine Oxidase 


Xanthine oxidase catalyzes the oxidation of free hypoxanthine and 
xanthine to uric acid. 

Preparation—Various samples of xanthine oxidase showing high activity 
were used Xanthine oxidase, suitable for analysis of xanthine and 
hypoxanthine, was prepared essentially according to the method of Ball 
(19). Two minor modifications were added to the method. The phos- 
phate extract of the raw cream was centrifuged in a Sharples supercentrifuge 
which separates the two phases within a very short period of time. The 
orange-colored solution obtained by redissolving the precipitate obtained 
at 0.6 saturation with ammonium sulfate was further fractionated with 
ammoniacal saturated ammonium sulfate. The ammonium sulfate 
concentration was brought to 0.35 saturation and the protein precipitate 
(“0.35 precipitate”) was centrifuged down and redissolved. Ammoniacal 
saturated ammonium sulfate was added to this solution (“0.35 precipitate’’) 
until 0.2 saturation. The comparatively large protein precipitate formed 
was centrifuged down and discarded. The remaining protein (supernatant 
of 0.2 saturation) showed an activity (expressed as micrograms of hypo- 
xanthine which disappeared per mg. of protein per hour at 25° and pH 8) 
of 1000 as compared with 400 for the previous fraction (solution of ‘0.35 
precipitate’). This fraction was used for purine analysis as well as in 
the preparation of ribose-1-phosphate (20). 

Determination of Activity—An example of how the Qo, (c.mm. of O, 
uptake per mg. of protein per hour at pH 8) of an enzyme preparation can 
be calculated follows. The most active fraction (supernatant of 0.2 
saturation) was incubated with hypoxanthine at 22°. The enzyme con- 
centration was 25 y of protein per ml., the hypoxanthine concentration, 
7yperml. During the period when the rate of the reaction was maximal, 
the rate of oxidation of hypoxanthine to xanthine was about equal to that 
of oxidation of xanthine to uric acid. For this period AEys was —0.013 
per minute, which indicated that 0.201 micromole of hypoxanthine per 
hour was being oxidized to xanthine. This would correspond to an oxygen 
consumption of 4.5 e.mm. per hour, attributable to the first oxidation 
step? At the same time AE29 was +0.030 per minute, which indicated 
that 0.165 micromole of uric acid was being formed per hour and, therefore, 
that this equivalent of xanthine was being oxidized. This second oxida- 
tion step would correspond to an oxygen consumption of 3.70 ¢.mm. per 
hour. The total oxygen consumption per hour of the catalase-free prep- 


*The author is indebted to Dr. D. E. Green, Columbia University, and to Dr. 
E.G. Ball, Harvard Medical School, for samples of xanthine oxidase. 

*The transformation of optical data at various wave-lengths into purine con- 
centrations has been summarized in Table II, Paper I (1). 
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aration was therefore 8.2 c.mm., or 304 ¢.mm. per hour per mg. of protein 
= Q%..4 This is about the same activity as that of Ball’s purified xanthine 
oxidase (19): Q@ measured manometrically was 270. 

In the presence of catalase the Qo, would be half the value of that 
obtained in the absence of catalase. The optical values would be up- 
affected by the presence of catalase. 

Uricase 

Uricase oxidizes free uric acid to allantoin and other products; combined 
uric acid, such as methy! uric acid or uric acid riboside, is not attacked 
(21, 22). 

The enzyme used was prepared from pig liver according to the method 
of Holmberg (23). The enzyme obtained is not in true solution but ing 
finely dispersed suspension which is very stable, particularly in the alkaline 
range, and is therefore suitable for analytical purposes. The enzyme 
was tested toward a dilute solution of uric acid (1 to 10 y per ml.) in 0.1 
M glycine buffer, pH 9.4. The solution was saturated with oxygen. The 
optical changes were followed at 290 mu, at which wave-length the decrease 
is maximal, and at 320 my where it is minimal. 10 y per ml. of the purest 
uricase preparation obtained caused a decrease in density at 290 my of 
0.102 in 20 minutes at 23°. This indicated the oxidation of approximately 
400 y of uric acid per mg. of uricase per ml. in 1 hour at 23°. This activity, 
although not particularly high, is more than sufficient for analytical 
purposes. Examples of uric acid analysis with uricase have already been 
described in Paper I (1). 


Nucleosidase (Nucleoside Phosphorylase) 


It has been shown in a previous paper (24) that this enzyme, hitherto 
considered a hydrolytic enzyme, is a phosphorolytic enzyme which catalyzes 
the following equilibrium, ribose-l-purine + phosphate =— ribose-1-phos- 
phate + purine. With the enzyme preparation described below the purine 
‘an be hypoxanthine or guanine but not xanthine or adenine. If the 
purine formed is eliminated, for instance, by enzymatic oxidation, the 
phosphorolysis of the nucleoside goes to completion (24). 

Preparation—Rat liver freed of blood was blended in 2 volumes of 
water and extracted for 15 minutes in a mechanical shaker. The mixture 
was spun at low speed (2000 r.p.m. for 5 minutes) and the supernatant 
was then subjected to high speed centrifugation (15,000 r.p.m. for 2) 
minutes at 0°) and the clear supernatant fluid which contains the enzyme 
was used for further fractionation. Sufficient ammonium sulfate (satu- 
rated solution) was added to bring the salt concentration to 0.4 saturation. 


‘This value is a minimal estimate since the substrate concentration was les 
than optimal. 
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The precipitate formed was centrifuged off and discarded. To the super- 
natant was added more saturated ammonium sulfate solution until 0.6 
saturation was attained. The second precipitate was spun down and 
redissolved in a small volume of water. The precipitate was extremely 
soluble in water, leaving no insoluble residue. The solution of this pre- 
cipitate was called “fraction 0.4 to 0.6.’’ This fraction is suitable for the 
optical determination of inosine plus guanosine. A further purification 
can be achieved by acidification to pH 6 with succinate buffer which 
precipitates a considerable amount of impurities, whereas the nucleoside 
phosphorylase remains in solution. 

It has been possible to separate the nucleoside phosphorylase from 
guanase by treatment with barium sulfate, which adsorbs most of the 
guanase, leaving most of the nucleoside phosphorylase in solution. The 
adsorption procedure is performed by adding an excess of barium acetate 
to “fraction 0.4 to 0.6’’ which contains ammonium sulfate. The excess 
barium is removed by excess phosphate. The large barium precipitate 
formed (a mixture of barium sulfate and phosphate) was spun off. The 
supernatant fluid contained the nucleoside phosphorylase but was prac- 
tically free of guanase. 

Nucleoside phosphorylase prepared from pig liver was obtained free 
of guanase without use of the barium sulfate adsorption technique. In 
order to extract nucleoside phosphorylase from pig liver it was necessary 
to subject it to a 24 hour autolysis in the presence of toluene. After this 
autolysis it was possible to extract and purify the enzyme in much the 
same way as that described for rat liver. Either of these guanase-free 
nucleoside phosphorylase preparations was suitable, when combined 
with xanthine oxidase, for estimating inosine in the presence of guanosine. 

The partial separation of guanase from nucleoside phosphorylase by 
alcohol fractionation is described in the following section. 


Guanase 


Guanase, the enzyme which catalyzes the deamination of free guanine 
to xanthine, occurs in large quantity in rat liver. Aqueous extracts of 
rat muscle also contain guanase as well as nucleoside phosphorylase. 

Preparation—The preparation of guanase from rat liver as a mixture 
with nucleoside phosphorylase was described in the previous section. 
In order to analyze guanine and guanosine (ribose-l-guanine) separately, 
it became necessary to obtain guanase preparations devoid of nucleoside 
phosphorylase activity. The enzymes can be separated sufficiently well 
for analytical purposes by ethanol fractionation, at —5°, of the “fraction 
0.4 to 0.6” described under nucleoside phosphorylase. The fraction was 
adjusted to pH 5.5 by addition of 0.3 volume of succinate-acetate buffer 
of pH 5.5. Ethanol was added to a concentration of 15 per cent. A 
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precipitate was formed which when redissolved shows both nucleoside 
phosphorylase and guanase activity. This was discarded. More ethanol 
was added to the supernatant until the concentration reached 40 per cent, 
The second precipitate was extracted with 0.1 m glycine, pH 9.1, and the 
insoluble residue was spun down and discarded. The clear supernatant, 
which contains 20 to 30 per cent of the protein, was tested against guanine 
and inosine (or guanosine) in the presence of inorganic phosphate and 
xanthine oxidase, as previously described. The enzyme preparation 
shows almost complete lack of nucleoside phosphorylase activity but 
possesses a very marked guanase activity. In the presence of large 
amounts of phosphate, however, distinct nucleoside phosphorylase activity 
can be demonstrated. This preparation, when combined appropriately 
with xanthine oxidase, and in the absence of large concentrations of phos- 
phate, is suitable for measuring guanine in the presence of guanosine. 
For measuring the sum of guanine plus guanosine, less pure preparations 
are adequate. 


Demonstration of Enzymes in Crude Tissue Extracts 


The above enzymes may be measured in tissues or extracts by the optical 
means described, provided the proper precautions are observed and ade- 
quate control experiments are conducted. The demonstration of several 
of the enzymes in crude water or salt extracts of tissues may, however, 
present considerable difficulty. 

In early studies on nucleoside phosphorylase (25) the presence of adeno- 
sine deaminase in crude preparations led to the erroneous impression that 
nucleoside phosphorylase could attack adenosine directly. Occasionally 
the presence of one enzyme may completely conceal the presence of another 
enzyme. A typical example of this was encountered in some experiments 
with glycylglycine extracts of livers from new-born rats. The extracts 
were first centrifuged at low speed (2000 R.p.m.) and then at relatively 
high speed (12,000 r.p.m.). In contrast to preparations from adult rats, 
the supernatant fluid from the new-born rats did not show any sign of 
nucleoside phosphorylase, as judged from the usual test at 290 mp in 
the presence of inosine, phosphate, and xanthine oxidase. If, however, 
the supernatant was subjected to high speed centrifugation (23,000 R.P.M.), 
which rendered it almost clear, the nucleoside phosphorylase activity 
could readily be demonstrated in the usual test. 

The reason for this is that uricase which is adsorbed on fine granules 
was centrifuged from the extracts of young livers at 23,000 but not at 
12,000 r.p.m. The presence of uricase causes oxidation to allantoin of 
the uric acid formed from inosine in the nucleoside phosphorylase test. 
Consequently, the usual test for inosine, by which the amount of uri¢ 
acid formed is measured, was completely misleading. The test can, 
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however, be carried out at 248 mu even with uricase present. The de- 
crease at this wave-length on oxidation of hypoxanthine is actually larger 
in the presence than in the absence of uricase because allantoin has less 
absorption at this wave-length than has uric acid. 


SUMMARY 


1. Description is given for the preparation of adenosine deaminase, 
adenylic deaminase, adenylpyrophosphatase, xanthine oxidase, uricase, 
nucleoside phosphorylase, and guanase in sufficient purity to be used as 
analytical reagents for the measurement of the purines on which they act. 

2. Some of the properties of these enzymes have been described and 
discussed, particularly those properties which influence their use as analyt- 


ical tools. 
3. Examples are given of the measurement of certain of these enzymes 


by optical procedures. 


The author wishes to express his gratitude to Dr. O. A. Bessey and 
Dr. O. H. Lowry, of the Public Health Research Institute, for their 
interest in this work and their helpful suggestions concerning the 
manuscript. 
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The glycosidic bond between ribose (or desoxyribose) and an imidazole 
nitrogen is a linkage characteristic of a number of important biological 
substances, particularly the nucleosides, nucleotides, and nucleic acids. 
Enzymes which attack the ribosidic linkage have been described by various 
investigators. Although a direct splitting of the ribosidic linkage of 
nucleotides has been reported (1), the best studied enzymes are those 
which liberate purines from purine nucleosides, the so called nucleosidases 
(2, 3). 

Klein (3) investigated purine nucleosidase from spleen and found that 
the enzyme was inactivated by dialysis. Upon the addition of phosphate 
or arsenate the activity was restored; the mechanism of this reactivation 
was not elucidated. 

In a recent note (4) an explanation was offered for the function of phos- 
phate in the nucleosidase system. The data indicated that inorganic 
phosphate disappeared during the fission of inosine, and it seemed evident 
from this that nucleosidase is a phosphorolytic rather than a hydrolytic 
enzyme. The following equation was proposed for the reaction (4), 
ribose-l-purine + phosphate = ribose-l-phosphate + purine. The 
enzyme catalyzing the reaction has been called nucleoside phosphorylase 
in analogy with Cori’s polysaccharide phosphorylase and Doudoroff’s 
disaccharide phosphorylase. 

The purpose of the present paper is to describe in greater detail the 
properties of the enzyme involved in this reaction, the effects of inorganic 
phosphate and arsenate, the isolation and properties of ribose-1-phosphate, 
and the reaction equilibria. 


Purine Nucleoside Phosphorylase 


This enzyme was obtained from rat liver and was purified by methods 
described in a previous paper (5). The enzyme is highly soluble in water, 
giving completely clear solutions. The activity vanishes after a 5 to 6 
hour dialysis against water but can be reconstituted by the addition of 
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inorganic phosphate or arsenate. The same is true for much longer 
periods of dialysis against redistilled water. However, prolonged dialysis 
(8 or 10 hours) against ordinary distilled water (carried in pipes) results 
in complete inactivation which cannot be reversed with phosphate or 
with phosphate plus boiled fresh enzyme (i.e. a coenzyme does not appear 
to be involved). Klein (3) also observed complete inactivation on pro- 
longed dialysis, and it seems likely that traces of heavy metals are re. 
sponsible. The most highly purified nucleoside phosphorylase prepara- 
tions liberated 2 mg. of hypoxanthine per hour per mg. of protein at 25°, 
This is probably a minimal value, owing to the use of a low substrate 
concentration. 
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Fic. 1. Liberation of hypoxanthine from inosine in the presence of nucleoside 
phosphorylase with and without added phosphate (P). 


Effect of Inorganic Phosphate and Arsenate—Fig. 1 illustrates the effect 
of the addition of a small amount of phosphate to a mixture of inosine 
and nucleoside phosphorylase. During the incubation aliquots of the 
reaction mixture were removed and analyzed for free hypoxanthine by 
means of xanthine oxidase (6). The salient feature is a 10-fold increase 
in the amount of liberated purine resulting from the addition of only 
25 y of P per ml. An additional observation was an abrupt cessation of 
the reaction after a short period of incubation before all of the inosine had 
been converted to hypoxanthine. The reaction proceeded further when 
more inorganic phosphate was added. Arsenate had somewhat the same 
effect as phosphate, although the reaction was slower with arsenate. In 
an experiment in which 100 y of inosine were incubated 30 minutes with 
nucleoside phosphorylase and varying amounts of arsenate,’ the results 


1 The arsenate used was Baker’s analyzed. 
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were as follows: without arsenate no hypoxanthine was liberated; with 
10 7 of arsenate less than 0.5 y of hypoxanthine was found; with 100 y of 
arsenate 6 y of hypoxanthine were liberated. 

The simplest interpretation of the experiment illustrated in Fig. 1 is 
that phosphate is combined in organic form during the fission of inosine. 
If this is true, it should be possible to demonstrate a decrease in inorganic 
phosphate proportional to the liberation of purine. Such an uptake of 
phosphate could not be demonstrated with the strongly acid reagents 
ordinarily used for the measurement of inorganic phosphate. However, 
when inorganic phosphate was determined according to the method of 
Lowry and Lopez (7) at pH 4 it was possible to show (1) that phosphate 
was taken up during the enzymatic splitting of purine ribosides, and (2) 
that a highly acid-labile phosphoric ester was formed. A typical protocol 


TABLE [I 


Phosphorolysis of Guanosine and Formation of Equivalent Amount of Labile 
Phosphorus Compound 


5 micromoles of guanosine plus 3.6 micromoles of phosphate incubated with 
liver nucleoside phosphorylase containing guanase. Temperature 30°, pH 7.5. 


Incubation time Inorganic P a + labile Labile P formed Guanine liberated 
min. micromoles micromoles micromole } micromole 
0 3.48 3.52 0.04 
10 3.31 3.64 0.33 
30 3.02 3.69 0.67 0.71 
3 


40 2.53 3.28 0.75 0.79 


is given in Table I. In this case the substrate was guanosine. Similar 
results are obtained with inosine. 

The procedure used for the phosphate analysis is briefly as follows: 
Aliquots of the enzyme-substrate mixture were cooled to about —5°, 
deproteinized with perchloric acid, and centrifuged 1 to 2 minutes in a 
refrigerated centrifuge at 12,000 r.p.m. Immediately, 0.1 and 0.2 ml. 
of the supernatant were pipetted into 1.5 ml. of 0.5 mM acetate-acetic acid 
buffer, pH 4. This sample was analyzed for inorganic phosphate. The 
labile phosphate was determined on another aliquot which was allowed 
to incubate at 30° for 30 minutes before neutralization with acetate- 
acetic acid buffer. The phosphate color was developed in both samples 
by adding 0.2 ml. of molybdate (2.5 per cent in 0.1 N H.SO,) and 0.2 ml. 
of ascorbic acid (0.75 per cent in 1 m sodium acetate). The color was 
measured in the spectrophotometer at 700 mu. 

The guanine was estimated from the xanthine formed during the incuba- 
tion, with an optical procedure previously described (6). 
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Ribose-1-phosphate 


Preparation—Ribose-1-phosphate was prepared by enzymatic splitting 
of a nucleoside and subsequent purification. The substrate, 40 to 60 mg 
of inosine, was dissolved in 1 ml. of 1 M dipotassium phosphate. Purified 
xanthine oxidase (dialyzed free of sulfate ions) was added in excess (5) jp 
order to oxidize and thus remove the hypoxanthine liberated. Crystalline 
catalase, prepared by dioxane fractionation according to Sumner and 
Dounce (8) (about 100 y of protein), was added to prevent accumulation 
of hydrogen peroxide. In order to prevent later difficulties in the barium 
fractionation the nucleoside phosphorylase was freed from sulfate ions by 
adding barium acetate and the excess barium was removed with phosphate 
buffer. 5 to 6 ml. of this nucleoside phosphorylase were added to the 
other components, and after saturation with oxygen, the mixture was 
pipetted into three Warburg-Barcroft manometer vessels and incubated 
at 30°. 

The consumption of oxygen was observed during the incubation as a 
measure of the progress of the reaction. For each micromole of hypo- 
xanthine liberated and converted to uric acid, 1 micromole of oxygen 
(22.4 ec.mm.) should be consumed. After 3 or 4 hours of incubation one- 
third to one-half of the inosine had been split and the purine had been 
oxidized by the xanthine oxidase to uric acid, which precipitated out. 
The samples from all of the vessels were pooled, chilled to —5°, and the 
bulky precipitate which consisted mainly of uric acid, together with some 
hypoxanthine or xanthine, was centrifuged off. To the chilled super- 
natant was added cold perchloric acid (final concentration 2 per cent), 
the acidified mixture was immediately centrifuged at —5° for not more 
than 2 minutes at 12,000 r.p.M. in a refrigerated centrifuge, and the pro- 
tein-free filtrate was quickly neutralized by the addition of concentrated 
sodium hydroxide. When the acid mixture was kept below 0° and neu- 
tralized not longer than 3 or 4 minutes after the addition of acid, the loss 
of ribose-1-phosphate through hydrolysis did not exceed 15 per cent. To 
the neutralized filtrate were added 8 or 10 volumes of cold acetone; the 
precipitate formed was dried and then extracted with 3 or 4 ml. of ice-cold 
water. The free purines remained largely in the residue and the solution 
contained the salts, inosine, ribose-l-phosphate, and free ribose. To 
this solution was then added barium acetate in excess, the pH was adjusted 
to 8, and an equal volume of ethanol was added. The barium precipitate 
thus formed was washed once with 50 per cent ethanol. The supernatant 
plus the washing contained the inosine and the main part of the free ribose. 
The barium precipitate contained inorganic phosphate and _ribose-l- 
phosphate. The precipitate was dried in a stream of air for 10 or 15 
minutes to remove ethanol and was then extracted with 4 or 5 ml. of warm 
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water (30-35°) for a period of 15 to 20 minutes in a mechanical shaker, 
and then centrifuged. The supernatant contained appreciable amounts 
of barium ribose-l-phosphate besides some barium phosphate. The 
barium precipitate was reextracted twice with water, as described, and 
the supernatants were pooled, the combined extracts were concentrated 
in vacuo at low temperature, and the precipitate of barium phosphate 
was removed in the centrifuge. By addition of an equal volume of ethanol, 
ribose-l-phosphate precipitated out. The yield of ribose-1-phosphate 
present was determined by measuring the amount of labile phosphate in 
the sample (see below). The yields obtained were generally low, ranging 
from 7 to 10 mg. of barium ribose-1-phosphate from 40 to 60 mg. of inosine. 
For example, in one experiment with 45 mg. of inosine the oxygen uptake 
indicated that about 15 mg. of inosine had been split, corresponding to 
0 to 22 mg. of barium ribose-1-phosphate, or only one-third of the the- 
oreticalamount. There are probably several reasons for the comparatively 
low yields. Besides losses due to acid hydrolysis and to amounts retained 
in the bulky barium phosphate precipitate, a large loss undoubtedly 
occurs during the incubation. The generation of ribose-1-phosphate 
proceeds slowly and the degradation of the ester due to traces of phos- 
phatases, specific or non-specific in the enzyme preparation, is probably 
of appreciable proportions. Thus it has been found that incubation times 
of 5 or 6 hours give still lower yields than 3 hours, particularly if the oxygen 
consumption drops to very low values during the last hours of incubation. 
Whether ribose-l1-phosphate participates in side reactions with other 
nitrogenous compounds besides purines remains to be seen. 

Samples of barium ribose-1-phosphate were subjected to the following 
analyses: reduction capacity before and after hydrolysis by means of 
the iodometric method of MacLeod and Robison (9); labile phosphorus 
by the method of Lowry and Lopez (7); and total pentose after hydrolysis 
by the orcino] method (10). 

1 ml. of the solution analyzed was found to contain 5.86 micromoles 
of total aldopentose, 3.86 micromoles of which appeared upon hydrolysis. 
The total pentose measured colorimetrically was 5.82 micromoles. 3.32 
micromoles of labile phosphorus were found. It can be seen that hydrol- 
ysis released approximately 1 equivalent of aldose for each mole of labile 
P liberated. The aldose content of the unhydrolyzed sample is apparently 
due to contamination with free ribose. 

The results of the analysis furnish strong evidence that the ester formed 
isan aldopentose-1-phosphate; 7.e., an aldopentose with phosphate esterified 
to the aldose group. It would be desirable to isolate larger amounts of the 
new phosphoric ester or to obtain it by chemical synthesis in order definitely 
to establish whether or not its structure is d-ribose-l-phosphate and to 
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determine whether it is an @ or 8 ester. However, since the ester was | 


formed by the phosphorolysis of a purine riboside, it seems most likely 
that the new ester is a ribose phosphoric ester, and, until proved otherwise 
we suggest it be called ribose-1-phosphate. 

The hydrolysis curve of ribose-l-phosphate in dilute acid at roo 
temperature has been reported (7). The ester is somewhat more acid. 
labile than phosphocreatine but less so than acetyl phosphate. In 0.5 y 
sulfuric acid it was found that the half time for splitting was 4 minutes 
for phosphocreatine, 30 to 40 seconds for acetyl phosphate, and 2.5 minute 
for ribose-l-phosphate. The rate of splitting in dilute acids was found 
to be increased about 30 per cent by the presence of molybdate. Moly. 
date has a much greater influence in accelerating the acid hydrolysis o 
phosphocreatine and acetyl phosphates (11, 12). 


Enzymatic Synthesis of Hypoxanthine Riboside 


When ribose-l-phosphate and hypoxanthine are incubated together 
with liver nucleoside phosphorylase, a rapid synthesis of hypoxanthine 
riboside (inosine) occurs. In order to effect this synthesis it is necessary 


that inorganic phosphate be removed as thoroughly as possible. This | 


was accomplished by the addition of 0.1 volume of ammoniacal magnesium 


citrate to a solution of ammonium ribose-l-phosphate. After vigorous | 
stirring for 10 minutes the precipitate was removed and the solution was | 


neutralized to pH 7.5 by the addition of succinic acid. 

In a typical experiment 0.58 micromole of ribose-l-phosphate was 
incubated with 0.57 micromole of hypoxanthine in the presence of nucleo- 
side phosphorylase (100 y of protein). After 30 minutes, samples were 
chilled to —5°, deproteinized, and analyzed by optical methods previously 
described (6). The hypoxanthine was measured by changes in the ultra- 
violet absorption when oxidized with xanthine oxidase. Inosine was 
determined by further changes in the ultraviolet absorption when inorganic 
phosphate and nucleosidase were also added. In a contro] sample, in 


which ribose-l-phosphate was hydrolyzed prior to addition, the hype- | 


xanthine remained entirely in the free form. When all of the components 
were present, the free hypoxanthine was reduced from 0.57 to 0.11 micro- 
mole and 0.45 micromole of inosine was synthesized. Fig. 2 records the 
actual ultraviolet extinction changes in the purine analysis of this exper: 
ment. Glucose-l-phosphate was inactive in the test. 

If ribose-1-phosphate is added in excess to a solution of hypoxanthine 
and incubated in the presence of liver nucleoside phosphorylase, almost 
all of the free hypoxanthine disappears and is found as inosine (Table I]). 
It can be seen that less than 5 per cent of the hypoxanthine remains after 
incubation with an excess of ribose-l-phosphate. Table II also shows 
that xanthine does not react with ribose-1-phosphate. 
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In Fig. 3 the equilibrium reaction between equimolar amounts of ribose- 
1-phosphate and hypoxanthine or between equimolar amounts of ribose- 
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Fig. 2. Analysis for free and ribosidic bound hypoxanthine in filtrates from mix- 
tures of equimolar amounts of ribose-1-phosphate and hypoxanthine incubated with 
liver nucleoside phosphorylase. In the controls the component omitted was added 
after deproteinization. ©, control, incubated without hypoxanthine; X, control, 
incubated with the acid hydrolysis products of ribose-1-phosphate substituted for 
the ribose-1-phosphate; 0, complete sample; for the inosine analysis 50 y of inorganic 
phosphate were added; @, the same with 300 y of inorganic phosphate; Xa., addition 
of purified xanthine oxidase for the determination of free hypoxanthine; Nu., addi- 
tion of nucleoside phosphorylase plus inorganic phosphate for the determination 
of ribosidie bound hypoxanthine (inosine). 


TaB_e II 
Formation of Nucleoside from Hypoxanthine 
0.2 micromole of purine base, 0.26 micromole of ribose-1-phosphate incubated 
with nucleoside phosphorylase (1 mg. of protein) in succinate buffer, pH 6.5. 





Purine 
. Ribosidic 
Free bound 
micromole micromole 
Hypoxanthine Control* 0.196 0.012 
Complete system 0.005 0.195 
Xanthine Control* 0.175 0.016 
Complete system 0.181 0.017 





* Ribose-1-phosphate omitted. 


1-hypoxanthine and phosphate is graphically illustrated. The position 
of equilibrium favors the formation of hypoxanthine riboside. It appears 
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from Fig. 3 that with equimolar proportions of the reactants only aboy 
12 per cent of the hypoxanthine remains free. The synthesis proceed; 
quite rapidly with the amount of enzyme used. The half time in Fig, 3 
is a little over 5 minutes. 
Enzymatic Synthesis of Guanosine 

In the experiments dealing with the synthesis of guanine ribosides the 
techniques were not as adequate as in the case of the synthesis of hypo. 
xanthine ribosides, and the analyses are consequently incomplete, particu. 
larly with respect to equilibrium constants. The low solubility of guanine 


Per 
cent 











—_! 00 
25 30 : 








Fic. 3. Graphic illustration of the equilibrium, ribose-l-phosphate (R-1-P) + 
hypoxanthine (Hyp.) = ribose-1-hypoxanthine (R-1-Hyp.) + phosphate (P). Ab- 
scissa, incubation time in minutes; ordinate, concentration of substrate mixture in 
percentage of initial concentration. The ordinate at the left applies to the mixture 
R-1-P + Hyp. (@); the ordinate at the right to the mixture R-1-Hyp. + P (0). 


and its tendency to become adsorbed on protein precipitates make it 
difficult to obtain reliable values for the amount of free guanine present in 
solution during incubation. However, the amount of guanosine syn- 
thesized is readily determined, since this substance is quite soluble in 
both neutral and acid solution. Therefore, although the value of the 
equilibrium constant was not obtained, it was possible to demonstrate an 
in vitro synthesis of guanosine. The nucleoside phosphorylase used for 
the synthesis was freed of impurities of guanase by the procedures men- 
tioned previously. In Table III the molar concentration of guanine is 
more than double that of ribose-1-phosphate, and since no visible pre 
cipitation occurred, the guanine presumably remained in excess. Almost 


90 per cent of the ribose-1-phosphate was split and a definite but lesser | 


amount of guanine was converted to nucleoside. 
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ily abou: | The data show that almost all of the labile phosphate was utilized but 
proceeds | that the phosphate did not reappear as inorganic phosphate. It ap- 
in Fig. 3 parently became bound in a more acid-stable linkage. It is noteworthy 
that in the sample incubated with guanine alone the inorganic phosphate 
decreased. On the other hand, the sample which was incubated with 
ribose-1-phosphate alone, although containing the same amount of labile 
sides the | phosphate, showed much more inorganic phosphate. In other words, 
of hypo | the presence of guanine in some way caused an uptake of inorganic phos- 
particu. —_ phate into a rather acid-stable organic linkage. The nature of this phos- 
guanine phorylation remains unknown. It is also difficult to explain at the present 
time the fact that more than 1 micromole of labile phosphate disappeared 
for each micromole of guanine synthesized as guanosine. 


Taste III 
Enzymatic Synthesis of Guanosine from Guanine and Ribose-1-phosphate 


Complete system, 1 micromole of guanine, 0.5 mieromole of ribose-1-phosphate, 
incubated 30 minutes at 30° with nucleoside phosphorylase. In the control experi- 
ments the missing component was added after deproteinization. 


. Inorganic . , . , 
Inorganic Labile P Change in Guanine 


+ 
labile P labile P bound 


micromoles | micromoles micromole micromole  micromole 


| Ribose-1-phosphate + enzyme 1.47 1.95 0.48 

Guanine + enzyme 1.21 1.65 0.44 0.04 0 

| Ribose-l-phosphate + guanine + 1.23 1.29 0.06 0.42 0.27 

enzyme 

-1-P) + DISCUSSION 
> 3 7 : . . , 
. . The phosphorolysis of inosine and guanosine can be described as a 
xture in ° ° ° ° 
mixtue | ‘Teversible exchange of purine for phosphate and vice versa according to 
(O). the equation, ribose-1-purine + phosphate = ribose-1-phosphate + purine. 


This type of reaction is analogous to that described by Cori and his group 
ake "| (13) in the formation of glucosidic linked hexose chains in polysaccharide 
sent | or in the formation of sucrose as described by Doudoroff (14). 
pend The synthesis and phosphorolysis of nucleosidic linkages (nitrogen 
ible in | mnibosidie linkages) is probably a reaction of wide significance. There is 
of the | reason to believe that desoxyribosides may participate in the same type 
ate an of equilibrium (3). Of interest in this connection is also the fact that, 
ed for | certain microorganisms require ribosides as growth factors. Thus 


> men: | Hemophilus influenzae cannot use free nicotinamide but only nicotinamide 
une S| nucleotides (15) or nicotinamide nucleoside (16). A certain x-ray mutant 
€ pre | of Neurospora requires pyrimidine riboside but cannot grow on free pyri- 
most | midine plus ribose (17). | 
lesser The phosphorolysis of purine nucleosides may also play an important 


role in the nucleic acids. Colowick and Price (18, 19) have recently shown 
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. » i ° ‘ j 
the existence of an enzyme in skeletal muscle which in the presence oj 
inorganic phosphate liberates guanine from ribonucleic acid. Apparently 
a reversible enzymatic reaction takes place by which guanine is exchanged 


for phosphate. 


SUMMARY 


1. Nucleoside phosphorylase has been prepared from rat liver. The | 


enzyme, which is a highly water-soluble protein, is inactivated by dialysis 
If the dialysis is performed against redistilled water, the activity can be 
completely restored by the addition of inorganic phosphate or arsenate 

2. When a purine nucleoside (inosine or guanosine) is split by nucleoside 
phosphorylase, 1 mole of phosphate is bound into an acid-labile organje 
linkage for each mole of purine liberated. 

3. The barium salt of a highly acid-labile ester has been isolated as 4 
reaction product of nucleoside phosphorylase action and has been identified 
as an aldopentose with the phosphate group bound to the aldehyde group, 
On the basis of origin and properties the ester is thought to be ribose-]. 
phosphate. It can be obtained by the enzymatic splitting of either inosine 
or guanosine. 

+. When ribose-1-phosphate is incubated with hypoxanthine or guanine 
in the presence of liver nucleoside phosphorylase, a rapid synthesis of 
purine nucleoside takes place. It has been demonstrated that during 
the formation of hypoxanthine riboside 1 mole of hypoxanthine is bound 
to ribose for each mole of phosphate liberated from ribose-1-phosphate. 
The position of equilibrium favors the formation of hypoxanthine riboside. 
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ELECTROPHORESIS OF RAT PLASMA 
Il. THE EFFECT OF ADRENOCORTICOTROPIC HORMONE* 
By CHOH HAO LI anno W. O. REINHARDT 


(From the Institute of Experimental Biology and the Division of Anatomy, 
University of California, Berkeley) 


(Received for publication, October 7, 1946) 


A decrease in the albumin-globulin ratio of plasma from the hypophysec- 
tomized rat has been demonstrated previously by electrophoresis (1, 2) 
and chemical fractionation (3). The identity of the pituitary hormone or 
hormones responsible for this alteration has not been clearly established. 
Levin and Leathem (3) presented evidence that the level of serum albumin 
in the rat is under the control of the adrenal cortex. White and Dougherty 
(4), on the other hand, showed that injections of adrenal cortical steroids 
or adrenocorticotropic hormone in normal rabbits produced significant 
increases in the concentration of 8- and y-globulins with a less significant 
decrease in serum albumin concentration. They also noted a rise in the 
serum proteins (unfractionated) in the normal mouse and rat treated with 
adrenocorticotropic hormone. In the present report, we present data 
derived from the electrophoretic analysis of the plasma of normal and 
hypophysectomized rats treated with adrenocorticotropic hormone. In 
brief, our results demonstrate a positive rise in the plasma albumin concen- 
tration of the hypophysectomized rat treated with either the growth or 
adrenocorticotropic hormone. Weare unable to present any evidence that 
adrenocorticotropic hormone causes a significant elevation in the concen- 
tration of the globulin fractions of the plasma or lymph of animals treated 
with adrenocorticotropic hormone. 

Studies in Hypophysectomized Male Rats—Male rats of the Long-Evans 
strain were hypophysectomized at 40 days of age. Injections were begun 
15 days postoperatively. Two groups of animals were treated with adreno- 
corticotropic hormone: one group was injected with 2.0 mg. of the hormone 
and plasma samples were withdrawn 6 hours later; another group received 
1.0 mg. daily injections for a period of 10 days. Blood was taken from 
the inferior vena cava with sodium citrate as the anticoagulative agent. 
The plasmas of the animals of each group were pooled and subjected to 
electrophoretic analysis. The hormone was prepared by a method pre- 
viously described (5). The electrophoretic analyses were carried out in 


*Aided by grants from the Research Board of the University of California and 
from the Rockefeller Foundation, New York. 
For Paper I, see (1). 
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the apparatus of Tiselius (6) with the optical arrangement of Longswort} 


(7). The plasma was diluted with an equal volume of a phosphate buffe, | 


(pH 7.8, ionic strength 0.2) and dialyzed against the same buffer for 3 
days. The period of electrophoresis was at least 240 minutes with a po. 





TABLE I 
Electrophoretic Analysis of Hypophysectomized Rat Plasma 
Per cent compositio opens 
Average Average ; “al sleemta . Alb Mobilitiest 
H No body N . 
ormone . ee a min- — 
treatment ot weight content Globul ioteslie “lobul 
™ rats at in | Albu- wl setts |Ae | 
autopsy plasma min . min - 
a g-* y- a- B-* | + 
gm nr. 
Controlt 3 113.0 8.65 | 55.4! 8.8/20.4/15.4, 1.24 | 6.3 | 4.3) 3.3) 17 
Growth§ 10 139.4 8.63 | 62.6/10.5)13.813.1, 1.67 | 6.3 | 4.2) 3.3) 1.7 
™ 9 149.4 8.88 | 60.2) 9.4'21.2) 9.2) 1.51 | 6.3 $1.0) 3.1) 13 
Adrenocortico- } 112.0 9.34 | 64.811.617.2) 6.4) 1.84 | 6.3 | 4.2) 3.3) 17 
tropic® 
‘6 iis 6 110.3 | 10.75 | 64.0) 8.1/18.2) 9.7) 1.78 | 6.3 | 4.2) 3.1) 1.7 
Normal con- 2 211.5 8.52 | 69.5) 9.5'15.5) 5.5) 2.30 | 6.2 | 4.2) 2.915 


troltt 


* The values include 8 and ¢ components. 


t Mobilities derived from descending patterns and expressed as sq. cm. per second | 


per volt X 105. 

t Male rats hypophysectomized at 40 days of age and autopsied 15 days postopera- 
tively. 

§ Hypophysectomized male rats, 40 days of age at operation and 15 days post- 
operatively, were injected once daily with 0.05 mg. of growth hormone for 14 days 
and autopsied 24 hours after the last injection; average weight gain during this 
period, 21.6 gm. 

Same as the preceding except that a 0.2 mg. daily dose was used; average weight 
gain, 32.0 gm. 

" Hypophysectomized male rats, 40 days of age at operation and 15 days post- 
operatively, were injected intraperitoneally with 2 mg. of adrenocorticotropie 
hormone and autopsied 6 hours later. 

** Same as the preceding except that 1.0 mg. of adrenocorticotropic hormone 
was injected once daily for 10 days; average adrenal weight, 19.5 mg. as compare 
with the control, 10.0 mg. 

tt 55 day-old male rats. 


tential gradient of approximately 5 volts percm. The relative concentr- 
tion of each component was measured by a planimeter by the method 
Tiselius and Kabat (8). The descending boundary was always used for 
composition and mobility determinations. 

Table I gives a summary of the results obtained in hypophysectomiz 
rats treated with either the growth or adrenocorticotropic hormone. Nor 
mal untreated controls of the same age are included for comparison. The 
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fnding that normal rat plasma has a higher albumin and lower globulin 
concentration than that of the hypophysectomized rat is confirmed. Both 
growth and adrenocorticotropic hormones produced an increase in the 
albumin-globulin ratio as compared with that of the hypophysectomized 
rat, an increase dependent on the increase in the plasma albumin concen- 


(A) (B) 





(<) (0) 





-—~ -—. 
(€) (F) 
Fic. 1. Descending electrophoretic patterns of rat plasma in phosphate buffer, 
pH 7.8, ionic strength 0.2 at 2°. A, hypophysectomized male rats (40 days old at 


operation; 15 days postoperative); B, normal male rats 55 days of age; C, hypo- 
physectomized male rats treated with growth hormone (0.20 mg. daily dose for 14 
days); D, hypophysectomized male rats treated with growth hormone (0.05 mg. 
daily dose for 14 days); E, hypophysectomized male rats given adrenocorticotropic 
hormone (1.0 mg. daily for 10 days); F, hypophysectomized male rats treated with 
adrenocorticotropic hormone (2.0 mg. of hormone injected 6 hours before autopsy). 
tration. There appears to be a definite increase in plasma albumin con- 
centration in the animals treated with repeated injections of adrenocortico- 
tropic hormone as compared with the level following a single injection. 
It is to be noted that the increase in the albumin-globulin ratio of the treated 
animals is the result of a rise in the absolute content of the albumin com- 
ponent. It is also probably due to a decrease of the globulins. Illustrative 
electrophoretic patterns are shown in Fig. 1. 
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A significant increase in nitrogen concentration of the plasma determine; 
by micro-Kjeldahl analysis is consistently noted in hypophysectomize 
rats treated with adrenocorticotropic hormone. Previous studies hay: 
yielded the same results (9). Whether or not this increase in nitrogen ¢ 
the plasma is due to increase in protein content is yet to be determined, 

Studies in Normal Adult Female Rats—Normal female rats, aged 6 to? 
months, were injected 6 hours before autopsy with a single dose of 5 mg 
of adrenocorticotropic hormone. As is shown in Table II, there is py 
apparent difference in the protein pattern of the control and injected 
animals. Together with the results obtained in hypophysectomized rats 
the evidence here obtained indicates that adrenocorticotropic hormone 
exerts no influence on the level of the globulin fractions of the plasma of 
the rat. 


TABLE II 
Electrophoretic Analysis of Normal Rat Plasma 





Per cent composition of plasma 


1 No.of | No Albumin: 
Treatment de Bhd Globulin globulin 
Albumin ratio 
a B-t y 
Adrenocorticotropic 5 } 64.3 6.1 21.4 8.2 1.8 
Control } 2 62.7 6.0 21.1 10.2 1.7 


corticotropic hormone and autopsied 6 hours later. 
+t The values include 8 and ¢ components. 


It has been clearly demonstrated that the administration of adreno- 
corticotropic hormone causes a marked decrease in the weight of the lymph 
nodes of the rat (10, 11), and also produces a rapid decrease in the number 


of lymphocytes in the thoracic duct lymph of the rat (12). It might be | 


expected, then, that the proteins of the lymph were under the control d 
the adrenocorticotropic hormone. A technique for the collection of cervical 
and thoracic duct lymph (13, 14) in the rat has been developed in this 
laboratory, providing an opportunity to study the electrophoretic pattem 
of lymph proteins after treatment with adrenocorticotropic hormone. 
The results of electrophoretic analyses of cervical and thoracic duct 
lymph are presented in Table III. The cervical lymph of the control group 
was collected from ten adult female rats under sodium pentobarbital 
anesthesia. The samples were pooled for analysis. The experiment 
group consisted of six animals each injected with 2 mg. of adrenocortice- 
tropic hormone 30 minutes before collection of the cervical lymph. The 
animals were not fasted and weighed 250 to 300 gm. Two samples of § 


* Female rats, which had reached a weight plateau, injected with 5 mg. of adreno- | 
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TABLE III 
































termine) : age 
ctomize) Electrophoretic Analysis of Lymph Proteins of Rat 
: 7 ee ae oa 
lies have Per cent composition of since Albu- Mobilitiest 
trogen of Lymph | pn | Globulin globulin| Aine. | Globulin 
: ee “| ratio in | ; 
nined, mete le | + Rae 2 Se 
ed 6 tot | ||) |_|} __ — 
- ricalt | 066.0 |} 8.6 | 17.4 | 18.0 1.3 6.3 | (4.0)§ | 3.1 1.4 
of 5 mg Cervical} | 
sn el “| | 54.6 | 9.6 | 15.9/ 19.9! 1.2 | 6.2 | (4.0) | 3.0 1.8 
© 18 00) Thoracic duct ® | 78.0| 6.6 | 12.1! 3.3| 3.5 | 6.4 | (4.0) | 2.9 | 1.5 
injected De Dah Pole : 
ized rats, * The values include 8 and @ components. 
hormone t Mobilities derived from descending patterns and expressed as sq. cm. per second 


per volt X 10° in phosphate buffer, pH 7.8, ionic strength 0.2. 

t Collected from ten female rats which had reached a weight plateau. 
| § The values in parentheses are roughly estimated. 

| Collected from six female rats, which had reached a weight plateau, for 6 hours 
after injection of 2 mg. of adrenocorticotropic hormone. 

€ Collected from two female rats which had reached a weight plateau. 


lasma of 








Albumin | 
globulin | 
ratio | 
| 
| 
7 a<c——_» d 
ia (A) 
f adreno- | 
| 
| 
adreno- | 
a —{ -—> A 
e lymph | 
number | (8) 
night be 
trol of 
cervical 
in this 
pattem 
e. ac—¥+ H— 4 
“ic duct (C) 
ol group Fic. 2. Electrophoresis of lymph proteins of normal female rats in phosphate 


barbital buffer, pH 7.8, ionic strength 0.2 at 2°. A, cervical lymph protein from adult female 
imental tats; B, cervical lymph protein from adult female rats treated with adrenocortico- 
tropic hormone; C, thoracic duct lymph protein from adult female rats. 


cortice- 
1. The} total of twenty specimens of thoracic duct lymph were sufficiently clear to 
les of 8} allow satisfactory electrophoretic analysis. 
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It may be noted that the lymph proteins have four components with | 
electrophoretic mobilities similar to those found in plasma. The albumip. 
globulin ratio of the cervical lymph appears to be lower than that of the 
plasma. By comparison with cervical lymph and plasma, the thoracic due 
lymph of the untreated rat has the highest albumin-globulin ratio, the } 
y-globulin fraction being particularly low. Typical electrophoretic pat. | 
terns of the lymph proteins are exhibited in Fig. 2. | 
As is shown in Table III, the albumin-globulin ratio of the cervical lymph 
did not change after treatment of the animal with adrenocorticotropic 
hormone. There was, furthermore, no increase in the concentration of 
globulins which might be expected to result from the dissolution of lym. 
phocytes under adrenal cortical influence. The failure to demonstrate an | 
increase in the globulins of the plasma and lymph after administration of 
the adrenocorticotropic hormone to normal or hypophysectomized animals 
in the present experiments does not, however, necessarily negate the con- 
clusion that the antibody fraction of the globulins may be increased after 
adrenal cortical stimulation, since it has been emphasized elsewhere (15 
that attempts to demonstrate antigenic (16, 17) or physical (18) differences 
between immune and non-immune globulins have been uniformly w- 


successful. 
SUMMARY 


1. The plasma of normal and hypophysectomized animals has been 
examined in the Tiselius electrophoresis apparatus. Growth and adreno- 
corticotropic hormones increase the albumin-globulin ratio of the hypo- 
physectomized rat. There was no increase in the antibody-containing 
globulin fractions following treatment of either the hypophysectomized or 
normal rat with adrenocorticotropic hormone. | 

2. Electrophoretic analysis of the lymph of the cervical and thoracic | 
ducts in the anesthetized rat revealed four components with mobilities 
similar to those found in the plasma. The protein pattern of cervical 
duct lymph was not altered in these experiments by treatment of the 
animals with adrenocorticotropic hormone. The albumin-globulin ratio 
of thoracic duct lymph was considerably higher than that of either plasma | 
or cervical duct lymph in the normal rat. | 


BIBLIOGRAPHY 


. Li, C. H., J. Am. Chem. Soc., 66, 1795 (1944). 

. Moore, D. H., Levin, L., and Leathem, J. H., J. Biol. Chem., 163, 349 (1944 
. Levin, L., and Leathem, J. H., Am. J. Physiol., 136, 306 (1942). 

. White, A., and Dougherty, T. F., Endocrinology, 36, 207 (1945). 

. Li, C. H., Evans, H. M., and Simpson, M. E., J. Biol. Chem., 149, 413 (198 
. Tiselius, A., Tr. Faraday Soc., 38, 524 (1937). 


ao, Whe 








nts with | 
ilbumin. 
it of the 
ucic duet 
itio, the 
tic pat- 


' 


il lymph 
cotropic 
ation of 
of lym. 
trate an | 
ation of 
animals 
the con- 
ed after 
ere (15 
ferences 
nly un- 


as been 
adreno- 
> hypo- 
\taining | 
ized or 


‘horacic 
obilities 
cervical 
of the | 
n ratio | 
plasma 


» (1944 





on7mn”™ 


12. 
13. 
14. 
1d. 
16. 
17. 
18. 


Cc. H. LI AND W. O. REINHARDT 493 


Longsworth, L. G., J. Am. Chem. Soc., 61, 529 (1939). 

Tiselius, A., and Kabat, E. A., J. Erp. Med., 69, 119 (1939). 

Li, C. H., Kalman, C., Evans, H. M., and Simpson, M. E., J. Biol. Chem., 163, 
715 (1946). 


. Dougherty, T. F., and White, A., Proc. Soc. Exp. Biol. and Med., 53, 132 (1943). 
ll. 


Simpson, M. E., Li, C. H., Reinhardt, W. O., and Evans, H. M., Proc. Soe. Exp. 
Biol. and Med., 64, 135 (1943). 

Reinhardt, W. O., and Li, C. H., Science, 101, 360 (1945). 

Reinhardt, W. O., Proc. Soc. Exp. Biol. and Med., 58, 123 (1945). 

Reinhardt, W. O., and Li, C. H., Proc. Soc. Erp. Biol. and Med., 58, 321( 1945). 
Kass, E. H., Science, 101, 337 (1945). 

Treffers, H. P., and Heidelberger, M., J. Exp. Med., 78, 293 (1941). 

Kass, E. H., Scherago, M., and Weaver, R. H., J. Immunol., 46, 87 (1942). 

Petermann, M. L., and Pappenheimer, A. M., J. Phys. Chem., 46, 1 (1941). 





a ee ce | ee i | 2 ee ee — 


























STUDIES ON PITUITARY LACTOGENIC HORMONE 
XII. EFFECT OF ESTERIFICATION WITH METHYL ALCOHOL* 
By CHOH HAO LI anp HEINZ FRAENKEL-CON RATT 
(From the Institute of Experimental Biology, University of California, Berkeley 


(Received for publication, October 7, 1946 


The reaction of proteins with methyl alcohol in the presence of hydro- 
chloric acid or acetyl chloride has recently been shown to result in an 
esterification of the carboxyl groups (1). This reaction appears highly 
specific and therefore seems particularly suitable for determining the es- 
sentiality of carboxyl groups in biologically active proteins. The activity 
of insulin had been found to be decreased by a similar treatment (2, 3), 
but the authors did not conclude from their data that esterification had 
resulted. Because of its stability in acid solution, lactogenic hormone ap- 
peared to be a similarly suitable protein for study of the effect of esteri- 
fication on biological activity. 

The lactogenic hormone employed in the present investigation was 
isolated from sheep pituitaries by the method previously described (4). 
The biological potency of the hormone, as assayed in pigeons (4), is ap- 
proximately 30 international units per mg. Methods of esterification and 
analytical procedures were the same as those used by Fraenkel-Conrat 
and Oleott (1). The reactions were carried out at 20-25°. The esterified 
protein salts were dissolved in absolute alcohol within a few minutes after 
addition of the catalyst; they were isolated by the addition of several 
volumes of ether, washed with ether, and dried. The products were readily 
soluble in water up to approximately pH 7. 

The results, with hydrochloric acid as the catalyst, are summarized in 
Table I. It may be noted that, when the hormone was allowed to react 
with methyl] alcohol in the presence of 0.025 to 0.1 N hydrochloric acid, the 
lactogenic potency decreased progressively as the methoxyl content of the 
protein increased. An earlier series of experiments in which acetyl chloride 
had been employed as the catalyst gave similar results. As is shown in 
Table II, lactogenic hormone, treated with methyl alcohol in the presence 
of 0.04 m acetyl chloride for only 5 minutes (Preparation 45D]), was shown 
to possess 50 per cent of its original hormonal activity. If the solution 


*Aided by grants from the Research Board of the University of California and 
from the Rockefeller Foundation, New York. 
tPresent address, Western Regional Research Laboratory, Albany, California. 
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TABLE | 
Effect of Esterification on Lactogenic Hormone with Hydrochloric Acid As Catalysi 














Preparation No. ‘Daan a nines 2% — ao Estimated ry, 
carboxyl groups* Total dose Crop reactiont | per mg. 
per cent mg. 
968 0 0.2 2+,+,+ | 30 
0.1 +,+,+ 
60BIt 10 0.5 2+, +, 10 
0.3 J. te ot 
0.2 -,- 
19K§ 60 3.5 + +. = 0.8 
64D 90 3.0 -,-,- | <1 








* Calculated from the methoxyl content of derivatives. The analyses were ip 
some instances performed on new preparations, not those actually assayed. 

t The lactogenic activity was classified into one of four arbitrary groups accord. 
ing to the degree of proliferation in the crops, + being the minimal detectable re. 
sponse and the maximal reaction 4+. 

t 50 mg. treated with 2 cc. of methyl alcohol, 0.025 m HCI for 4 hours. 

§ 60 mg. treated with 6 cc. of methyl alcohol, 0.10 mw HCI for 24 hours. 

| Same as Preparation 19K but treated for 96 hours. 

| 


TABLE II 


Effect of Esterification on Lactogenic Hormone with Acetyl Chloride As Catalyst 








Assays in squabs 


Approximate degree Estimated iv. | 





Preparation No. of esterification of : eee 

carboxyl groups Total dose Crop reaction — 

per cent mg. 

45DC* (Untreated) | 0 0.2 +,+,+ 30 
| 0.1 +,+,+ 
45DIt 10 1.0 | 3+,3+,3+ 15 | 
0.5 +, +, + (2+) | 
0.2 |-,+,-,-,4+,+ | 

45Dt 70 2.0 -,-,- <1.5 

39H§ SO 1.0 fe. he(xe). eft) 3 








acetic acid, ether, etc., like Preparation 45D 


* Treated with methyl alcohol, 
with the catalyst for esterification omitted. 
t 131 mg. in 5 ec. of methy! alcohol, containing acetyl chloride (0.04 m), isolated 





after 5 minutes. 

t Same as Preparation 45DI, but isolated after 24 hours. | tr 
§ 50 mg. in 1 cc. of methy! alcohol containing 0.14 m acetyl chloride; isolate’ | 99 
e 


after 2.5 hours. 


re: 

was allowed to react for 25 hours, the lactogenic activity was greatly} ;, 
. 1 

reduced. pr 

1 Attempts to recover the biological potency by hydrolysis at pH 11.0 for 2howt| du 

ne 


at room temperature were unsuccessful. 
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It has previously been demonstrated (1) that other protein groups such 
as amino, phenolic, thiol, and tryptophane radicals are not involved in the 


TABLE III 


Electrophoretic Mobility of Esterified Lactogenic Hormone in Acetate Buffer, pH 4.0, 
at 1.5° 





Approximate degree : sa 
Preparation No. of esterification of Ionic strength of buffer Mobility X 105 
carboxyl groups 


per cent 

02A (Untreated 0 0.03 9.1 

0.10 4.8 
98E* 90 0.03 12.5 
45Dt 70 0.03 11.5 
45D + 02A 0.03 9.3, 11.1 
53H It 70 0.10 6.9 
53HI + O2A 0.03 9.1, 11.1 
53HIIIt 10 0.03 9.0 


* Treated with methyl alcohol containing 0.10 m hydrochloric acid for 24 hours. 
t Treated with methyl alcohol containing 0.03 mM acetyl chloride for 24 hours. 
t Treated with methyl! alcohol containing 0.03 m acetyl chloride for 8 minutes. 





Fic. 1. Electrophoretic patterns of esterified lactogenic hormone (Preparation 
45D) in acetate buffer, pH 4.0, ionic strength 0.03 at 1.5°; potential gradient, about 
3 volts per em. Upper photograph, esterified hormone alone, 270 minutes elec- 
trolysis; lower photograph, a mixture of esterified hormone and untreated hormone, 
220 minutes electrolysis. 


reaction and that the number of methoxyl groups that can be introduced 
into lactogenic hormone is slightly less than the computed carboxyl groups 
present. Thus it appears probable that the loss of lactogenic activity is 
due to esterification of the carboxy] radicals in the molecule. This does not 
hecessarily indicate the participation of carboxyl groups in the biological 





498 PITUITARY LACTOGENIC HORMONE. XII 


activity of the hormone, but may well be due to the changed physical 
nature of the entire molecule through rupture of hydrogen or ionic bonds 
or change in net charge. 

When the carboxyl groups of a protein are esterified, its isoelectric point 
is shifted to the alkaline side and the electrophoretic mobility of the esteri. 
fied product in acid solution must be expected to be increased when com- 
pared with that of the native protein. Similar conclusions have been pre. 
dicted from the solubility behavior of esterified proteins (1). We have 
performed a few experiments with esterified lactogenic hormone in the 
Tiselius apparatus, using the scanning method of Longsworth to register 
the electrophoretic pattern. The results, as summarized in Table III, 
indicate that the electrophoretic mobility of esterified lactogenic hormone 
is indeed faster than that of the native protein. In acetate buffer, pH 4.0, 
ionic strength 0.03, the mobility changes from 9.1 XK 10~° to 11.5 X 10° 
sq. cm. per second per volt. Fig. 1 presents an electrophoretic pattern of 
an esterified lactogenic hormone preparation after electrolysis for 270 
minutes in a potential gradient of about 3 volts per em., indicating that the 
hormone derivative is essentially homogeneous with respect to electro- 
chemical properties. When the esterified hormone is mixed with the 
native protein, the two are easily separated in electrophoresis experiments 
(see Fig. 1). If only a few of the carboxyl groups of the hormone ar 
esterified (Preparation 53HIII), the electrophoretic mobility does not differ 
significantly from that of the untreated hormone. 

SUMMARY 

Lactogenic hormone was esterified with methyl alcohol in the presence 
of small amounts of HCI or acetyl chloride. It had previously been found 
that only the carboxyl groups are involved in this reaction. Electro- 
phoresis experiments indicate that the protein is rendered more basic 
through esterification and that the homogeneity of the derivative is com- 
parable with that of the untreated hormone. When the esterified products 
were assayed in squabs, the lactogenic potency was found to be progres- 
sively lowered as more methoxyl groups were introduced into the molecule. 
Thus, we may conclude that carboxyl groups are essential for the biological 
activity of lactogenic hormone. 
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THE FLAME PHOTOMETER FOR THE MEASUREMENT OF 
SODIUM AND POTASSIUM IN BIOLOGICAL MATERIALS 


By PAULINE M. HALD 


(From the Department of Internal Medicine, Yale University School of Medicine, 
New Haven) 


(Received for publication, October 30, 1946) 


The flame photometer was devised by Barnes, Richardson, Berry, and 
Hood (1) to measure low concentrations of sodium and potassium in solu- 
tion. The present paper describes an investigation of its application to 
the analysis of biological materials. Measurements of sodium and po- 
tassium in such materials by means of the flame photometer were com- 
pared with measurements made by chemical procedures of tested accuracy 
which have been previously described (2). 


The Instrument 


The principle of the instrument has been described in detail by Barnes 
etal. (1). The solution to be analyzed is discharged through an atomizer 
in a fine mist into a chamber, whence it is drawn into a flame. By an 
optical system the light produced by the combustion of the elements in 
the vaporized solution is conducted through appropriate filters to impinge 
upon a photoelectric cell which activates a galvanometer. Under proper 
operative conditions the concentration of sodium or potassium in the 
solution can be estimated from the reading of the galvanometer. The 
instrument is,equipped with an amplifier which permits the analysis of 
solutions with greatly varying concentrations of sodium and potassium. 

The measurements reported below were obtained with one of the model 
apparatus (model G, series 11) designed and made by the American 
Cyanamid Company for the inventors and similar to the instrument de- 
scribed by them (1). A small number of these instruments were con- 
structed and distributed by the American Cyanamid Company for experi- 
mental purposes.!. The model has not been made generally available. 
An instrument patterned after the original model and designed for the 
same purposes has, however, been placed on the market, and through the 
kindness of the manufacturer? we have been allowed to study it. Un- 
happily, certain features of this apparatus render it unsuitable for the an- 
alysis of biological materials. For the gravity feed of the original model 


‘The author wishes to thank Dr. Barnes and his associates for making this in- 
strument available to the department. 
? Perkin-Elmer Corporation, Glenbrook, Connecticut. 
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a suction feed was substituted. This does not yield a steady flow of mist 
from the atomizer and requires more solution for analysis. This is q 
serious disadvantage, especially in the measurement of serum potassium 
in which the amount of solution available is extremely limited. Whey 
commercial production was undertaken, the emergency of the war made jt 
impossible to obtain the most desirable types of optical and recording in. 
struments. It is hoped that with the release of restricted materials g 
photometer suitable for the analysis of biological media will be commer. 
ally available. Meanwhile it is believed that the studies of the behavior 
and operation of the original models have a general significance that war. 
rants their publication. 

For the general description of the instrument and its use the reader js 
referred to the original article by Barnes and his associates (1). The 
present discussion will be confined to the control of the variable features 
of the apparatus upon which its proper operation depends. These are 
(1) the atomizer, (2) the flame, (3) the air pressure, (4) the preparation of 
material, (5) the dilution of materials, and (6) interfering substances. 


Details of Apparatus 


The Atomizer—This is the most critical feature of the instrument. 
Unless the mist produced is constant, reproducible results cannot be at- 
tained. All-glassatomizers, permanently fixed, and therefore not adjustable, 
have been employed. While such a fixed position is highly desirable, 
other features of the glass atomizer detracted from its practicability. It 
is both expensive and fragile. If it is broken, it must be replaced or re- 
paired by a proficient glass blower. 

A metal atomizer, similar to that described by the designers of the in- 
strument, has been found more satisfactory. This type of atomizer can 
be fashioned from two inexpensive hypodermic needles by the analyst if a 
replacement is necessary (Fig. 1). The straight needle through which the 
liquid is fed may be probed with a stylet to dislodge particles or air bubbles 
with no fear of breakage. Larger needles than were previously used with 
the instrument have proved advantageous because the opportunity for 


obstruction by minute particles or protein precipitated at the tip is min | 
mized. The needle for the delivery of the sample is a No. 20 gage lumbar | 


puncture needle which has been cut off to make an over-all length of 30 
mm. The lumbar puncture needle was chosen because it offered an open- 
ing large enough to admit a stylet from above. By means of a file a high 
bevel of approximately 3 mm. is made. This high bevel serves a dual 
purpose: (1) it obviates the formation of a droplet of solution which i 
terrupts the steady delivery of the mist; (2) it offers a relatively large 
surface to the compressed air in the atomizing flask. This consequently 
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retards the flow of solution and thus permits the use of a larger needle 
which is less easily obstructed without increasing the volume of solution 
necessary for a satisfactory reading. The needle through which the air 
is admitted, a No. 19 needle, is curved to meet the lower tip of the bevel 
in such a way as to send the spray of mist in a direction at right angles to 
that of the straight needle, the beveled face of which is directed away 
from the source of air. While with this type of atomizer the relative po- 
sitions of the needle tips are not readily reproducible, it is possible to adjust 
their positions so that a satisfactory mist is produced. A steady, strong 
spray Which is somewhat diffuse near the source is usually satisfactory. 
A steady, moderately rapid deflection of the galvanometer over the de- 
sired range indicates satisfactory performance of the needles. 

The flame must necessarily be fed by gas of constant composition. 
When city gas was tried it was impossible to obtain satisfactory results. 
This was occasioned by the variability in composition of the gas rather 
than by changes in pressure. A bottled gas (Pyrofax) has since been em- 
ployed to insure against this variability. A reducing valve was interposed 
at the tank so that the pressure can be cut down partially at this point. 
The final pressure is controlled by means of the pressure regulator in the 
instrument. 

The air pressure is supplied from a central source and is led into the pho- 
tometer through a connection made of copper tubing. The pressure, 
which is 60 to 90 pounds at the source, is cut down to the desired point by 
the regulator in the instrument. The final pressure, which is usually be- 
tween 10 and 25 pounds, is selected experimentally to suit the needs of 
the occasion. It has not been found necessary to filter the air in these 
studies. 

The preparation of material (see Table I) depends upon several factors. 
Serum needs only to be diluted for the determination of either element. 
Water is used as a diluent for sodium analysis because the dilution is so 
great that precipitated globulin offers no obstacle. For potassium an- 
alyses, in which the dilution is far lower, 0.9 per cent NaClis used. Whole 
blood must be ashed and iron removed before sodium is determined. The 
high concentration of iron in cells interferes with the flame reaction. 
Equal volumes of blood and 4 N sulfuric acid are placed on a steam bath 
in a suitable porcelain or platinum dish until water has been evaporated 
and a charred mass remains. The dish is then transferred to a cold 
muffle furnace and the temperature advanced to 500-550°. After 5 to 8 
hours ashing should be complete. An aqueous extract of the ash is di- 
luted to a volume of 100 or 200 cc. per cc. of serum represented. The 
insoluble iron salts are filtered out and the filtrate is used for the measure- 
ment of sodium. Potassium may be determined on an aqueous solution 
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of whole blood without interference from the iron present. Urine needs 
only to be diluted with water. If gross particles are present, the urine 
should be filtered before the dilution. Food and feces must of course be 
ashed and the ash extracted before it can be introduced into the apparatus, 
1 or 2 gm. of a weighed homogeneous mixture of diet are placed in a weighed 
dish of Vycor glass. The weight is noted and approximately 1 ce. of 4 
N H,SO, is added per gm. of food. The water is evaporated from the 
solution, after which the dish containing the charred material is placed jp 
a muffle furnace, where it is brought to a temperature of 500-550°. After 


TABLE I 


Preparation of Materials for Flame Photometry 


| Concentra- Pressure at 
Special tion of solu- | — instrument 
Material prepara- Diluent Dilution tion by which ; 

tion galvanometer —— 

issetat 100 Gas | Air 

Potassium 

m.eq. perl lbs. Ths 
Serum None Normal saline 1:10-1:25 1.25 | 20-25 
Urine “" Water 1:20 2.50 ] 20-25 
Food Ash HCl and water 1 gm.—50 ec. 2.50 l 20-25 
Feces sé ‘c rf “é 1 50“ 2 50 | 20-25 
Whole blood None Water 1:100 1.25 1 20-25 

Sodium 

Serum None Water 1:250-1:500 1.00 13-2 | 15-20 
Urine ss 2 1:40 2.50 13-2 | 15-20 
Food Ash HCl and water 1 gm.—25 ce. 2.50 13-2 | 15-20 
Feces _ or ia se 1 ** -10 2.50 13-2 | 15-20 
Whole blood “is Water 1:200 1.00 13-2 | 15-2 


approximately 8 hours a white ash remains. To this white ash is added | 
ec. of concentrated HCl for each gm. of food represented. The dish is 
warmed to facilitate solution of the ash. With the aid of water, the mix- 
ture is transferred quantitatively to a volumetric flask and diluted to the 
appropriate volume. This diluted extract is filtered, if insoluble material 
remains, before it is admitted to the photometer. Feces are similarly 
treated. 

The dilution of material (see Table I) must necessarily be varied to 
bring the concentrations of sodium and potassium into ranges which are 
optimum for accurate analysis. In serum and whole blood the bases are 
present in concentrations which are limited and which vary over a rela- 
tively small range. Consequently, significant variations can be determined 
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only by a very sensitive instrument. The control rheostats are set, there- 
fore, so that in the case of sodium determinations 1 milliequivalent per 
liter is represented by 100 scale divisions. Since it is rarely possible to 
read the galvanometer closer than the nearest 0.5 division, this sensitive 
range is essential. If, therefore, serum is diluted with distilled water 
1:250 or 1:500, the resulting readings fall in the neighborhood of 30 and 
60 scale divisions respectively. When both dilutions are used, obscure 
errors are sometimes revealed which are not evident when the concentra- 
tions of the duplicate dilutions are identical. 0.2 cc. of serum, diluted to 
50 and 100 ec., is an economical amount which gives sufficient material 
for several readings. For sodium in whole blood in which ashing is re- 
quired, it is advisable to use 1 ce. aliquots. The ash, extracted with water, 
may be diluted to 100 or 200 cc. for convenient readings. 

Because potassium emits a less intense light than sodium when it is 
burned, it is necessary to use a 1.25 milliequivalent solution for the former 
to attain 100 full scale divisions. Serum potassium occurs in concentra- 
tions which are so low that this analysis offers unusual difficulty if material 
is limited to small amounts. The most economical procedure is to dilute 
the serum 1:25 with physiological saline. At this concentration the 
readings attain a maximum deflection of approximately 12 scale divisions 
fora normal serum potassium. It is therefore possible to reach this rela- 
tively low maximum and maintain it sufficiently long for the operator to 
take an accurate reading. If an abundance of material is at hand, ad- 
ditional dilutions or dilutions of varying concentrations may be made. 
Whole blood, in which the concentration of potassium is approximately 10 
times as great, offers a wider choice of dilution ranges. Dilutions of 1:100 
have proved to be practical. 

The concentrations of sodium and potassium in urine, food, and feces 
offer no such limitation in either range or quantity. It is often impossible 
to predict the concentration even approximately. However, since the 
material is usually readily obtained and the concentration range is so 
extensive, it is neither necessary nor practical to use the sensitive ranges 
described above. When 2.5 milliequivalents are represented by 100 scale 
divisions, the dilutions tabulated in Table I serve as a general guide. It 
is unwise to start with a high dilution unless there is some assurance that 
it is indicated. If material is limited, as in the case of an ash, a second 
dilution may be resorted to if the first one gives too high a reading. 

Interfering substances have been found in the course of this study. It 
was found that iron in the concentration in which it exists in whole blood 
interferes with the reading of whole blood sodium. While an increased 
deflection is also found under some conditions in the potassium analyses, 
the effect of the interference in whole blood potassium determinations is 
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negligible. The fact that the flame photometer measures sodium and 
potassium accurately in the presence of such complex materials ag ay 
found in serum and urine indicates that its operation is not influenced by 
most organic compounds in the concentrations encountered in biological 
materials. It was found, however, that when 5 per cent glucose was 
added to dilute serum low values for both sodium and potassium resulted, 
When 5 per cent glucose alone is burned, it imparts a definite color to the 
flame. This color appears to cause no positive deflection of the galvap. 
ometer with the potassium filter, but an appreciable deflection is observed 
when the sodium filter is in place. 

It is necessary to determine the effect of any ion added in non-physio. 
logical concentrations before it can be assumed that accurate results cap 
be obtained. 


General Technical Procedure 








The procedure of using the flame photometer requires first of all the es. 


tablishment of a stable calibration curve. This curve is prepared to cover 
a given concentration range, selected to suit the conditions of the analysis 
under consideration. This standard curve is not always constant and 
reproducible but depends on the variables previously discussed. Only 
when the flow of solution through the atomizer, the air pressure, and the 
gas pressure are properly related will a stable curve result. Only if all 
three factors are duplicated will it be reproducible. It is necessary, 
therefore, to construct a curve for each set of analyses. Even when it 
appears to be constant it must be continually rechecked, or even recon- 
structed, in the course of a set of analyses. Unless this procedure is 
thoroughly understood and rigidly adhered to, results within the limits of 
error reported cannot be expected. 

The curve is constructed from readings obtained with a series of stock 
solutions of sodium or potassium chloride of the desired concentrations. 
Four or more points are used to establish the slope of the curve. In Table 
I suitable concentration ranges for each type of determination are sug- 
gested. It has been found convenient to adjust the instrument so that 
the upper standard chosen reads full scale or 100 divisions. Solutions 
one-fourth, one-half, and three-fourths of this concentration are als 
required. 

A set of stock solutions is prepared and stored in glass bottles with 
tightly fitting stoppers. No-Sol-Vit bottles have not been found neces 
sary, but the concentrations of the solutions have been checked from time 
to time against freshly prepared solutions to prove that no reaction with 
the glass had taken place. Some of the solutions had been stored mor 
than a year. This stability might not be maintained with all types 
glass and must be established if No-Sol-Vit bottles are not used. 
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In order to prepare a calibration curve which is stable or comparatively 
stable the rate of atomization relative to the size of the gas flame must be 
carefully adjusted. With a given setting of the atomizer two possible 
yariables may be controlled, air pressure and gas pressure. It has proved 
necessary to use a low pressure of gas (about 1 pound) and a high pressure 
of air (20 to 25 pounds) in determining potassium. For sodium analyses 
a higher gas pressure (13 to 2 pounds) and a lower air pressure (15 to 20 
pounds) have been more satisfactory with the instrument used in these 
studies. 

With the flame burning properly and the correct filter in place the zero 
reading on the galvanometer is set. Distilled water introduced into the 
instrument should not alter this reading. Next the standard solution 





:_ 


3amm. bevel 
i} 


Fic. 1. Metal atomizer, stainless steel hypodermic needles used as tips. 1, air 
feed, 19 gage needle; 2, liquid feed, 20 gage lumbar puncture needle. 








which has been selected to be represented by the full scale is poured into 
the funnel and by means of the amplifiers is adjusted to the 100 position. 
Distilled water is again introduced. If it does not read 0, this point is 
again adjusted and the 100 mark reset. This mark is then reestablished 
several times. Unless the 0 and 100 points are maintained on successive 
readings the gas pressure, air pressure, or both, must be adjusted to bring 
about a stable reaction. If the upper reading drifts above the 100 mark, 
the gas pressure should be decreased or the air pressure increased. When 
the reading tends to drift below the 100 mark, the gas pressure should be 
increased or air pressure decreased. When the range has been success- 
fully established, the other points on the curve are read and the 0 and 100 
points rechecked. The relation between the galvanometer readings and 
the concentration is curvilinear. Readings of approximately 27, 52.5, 
and 77 are as close to the straight line relationship as can be expected from 
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solutions of 25, 50, and 75 per cent of the concentration of the solution 
used to represent 100 divisions on the galvanometer scale. Readings much | 
further removed from proportionality indicate less than optimum eon. | 


ditions. It is often rather time-consuming to establish a satisfactory 
curve. However, it is important that a stable curve be attained before 
readings on unknown solutions are taken. A deviation of more than 4 
half division may invalidate the reading. Merely resetting the galva. 
nometer does not correct such an error. A drifting curve indicates chang. 
ing conditions under which reliable measurements cannot be obtained, 

When the curve has been defined and repeated satisfactorily, the un. 
known solution is introduced. After the reading has been taken, the two 
points on the curve, between which the reading falls, are again checked, 
Only if these two points have remained stable can the reading be considered 
valid. If these two points have varied, the slope of the curve has changed 
and it is impossible to say at what time the change in the reaction occurred. 
This procedure must be rigidly adhered to when serum is analyzed. Any 
tendency to change in the rate of flow through the atomizer, due to par- 
ticles or air bubbles in or protein precipitated from the solution, is reflected 
in a failure of the readings to attain the points originally established. 
When this situation arises, the delivery needle may be probed with a stylet 
or washed with a protein solvent. Haemo-Sol, a commercial cleaner! 
has been found satisfactory. Since it contains both sodium and potas. 
sium, the system must be thoroughly washed with distilled water imme- 
diately after its use. When the sodium filter is in place, it is advisable to 
switch off the cell to avoid a violent deflection of the galvanometer. Urine 
and other protein-free solutions rarely necessitate this treatment. In 
reading the galvanometer scale, deviations of more than 0.5 division are 
not considered acceptable. 

Whenever possible, it is good practice to read a given unknown at two 
different dilutions. In this way small discrepancies in the concentration 
of the standard solutions, the presence of contaminants, or errors in dih- 
tion are made evident. Dvplicate measurements with different con- 
centrations of a given element constitute the most rigid check on the van- 
ous sources of error. In determining serum sodium, dilutions of 1:200 
and 1:400 or 1:250 and 1:500 will yield results which agree within | or 
1.5 per cent when the conditions are optimum. 

Serum potassium offers the greatest challenge to the performance 0 
the instrument, especially when material is limited. When a dilution of 
1:25 is used, the reading falls in the lower portion of the scale. Because 
the reaction is slow, more than 25 cc. would be needed to reach a higher 


? Obtained from Meinecke and Company, Inc., 225 Varick Street, New York. 
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point. However, although the reaction is slow, it is quite stable and satis- 
factory readings result. 

Blank determinations are important and are as necessary to detect con- 
taminating or interfering substances as they are in using chemical proce- 
dures. In the determination of sodium, the distilled water used to dilute 
the sample must be tested as well as the saline solution used as a diluent 
in the potassium procedure. When material is ashed all of the solutions, 
sulfuric acid, hydrochloric acid, and distilled water, are possible sources 
of interference or contamination. A blank determination carried out 
simultaneously with the analysis of the unknown will indicate whether or 
not these solutions are pure. Any deflection of the galvanometer from 
the position of the zero point, established with a current of air, indicates a 
positive blank. 

When serum is analyzed it is advisable to run a control base solution. 
This solution should contain the usual inorganic elements present in serum, 
in the approximate concentrations in which they occur. Sodium, potas- 
sium, calcium, magnesium, chloride, sulfate, and phosphate should be 
included. Each set of determinations should be controlled by diluting 
this solution in exactly the same manner as the unknown serum. Any 
contamination of the diluent or apparatus will then be evident by failure 
to recover theoretical amounts. Furthermore, a similar procedure is 
essential in analyzing any other materials than those described in which 
interfering ions might prevent accurate recovery. 


° Results 


In Table II the results of the comparative analyses are tabulated. It 
is notable that, as is true in the chemical method, the greatest per cent 
error is likely to be found in serum potassium. This is due largely to the 
fact that this element is present in such a low concentration. Since mate- 
rial is usually limited, higher concentrations or multiple analyses are often 
impossible. In the case of analysis on the flame photometer, the rela- 
tively small amount of light produced by the potassium flame contributes 
to the difficulty. Unless more than 1 cc. of serum is used, not more than 
two readings can be made. In whole blood, in which the potassium con- 
centration is much higher, the percentage recovery is much better. In 
addition to the comparative studies presented in Table II many additional 
analyses have been made. They have not differed in general from those 
tabulated. 

Differences in the values for sodium in both whole blood and serum ob- 
tained by the two methods lie within the errors of the methods. 

Urine values for both potassium and sodium fall within a maximum of 
5 per cent, with one exception. The average would be much closer. 








Tas_e II 
Comparison of Chemical and Photometric Analyses 
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Food and feces in which the problem of obtaining homogeneous samples 
is involved show no more than a 5 per cent maximum difference. 

In addition to the comparative studies presented in Table II many 
additional analyses have been made. They have not differed in general 
from those reported. 

There was some doubt as to the advisability of adding serum in a dilu- 
tion as low as 1:10. It was thought that the viscosity of such a solution 
would change the rate of atomization and result in a slower reaction. Be- 
cause results agreed not only with the chemical method but in several 
eases With extracts of ashed samples, this factor does not seem to be a 
significant one. 

The question of the influence of extreme lipemia on the flow of serum 
was also investigated. In five samples analyzed for sodium, the results 
agreed almost perfectly with those in which an extract of ash was used. 


DISCUSSION 


Analyses can be made far more rapidly by the flame photometer than by 
the best gravimetric and volumetric methods when the instrument is 
properly operated. In accuracy the analyses compare favorably with 
those obtained by the most superior chemical procedures. Elimination 
of preparatory procedures, such as ashing in the analysis of serum, is es- 
pecially time-saving. Furthermore, results can be produced promptly 
because of the direct procedure which is impossible with chemical methods. 

It is important that emphasis should be placed on the fact that even the 
best flame photometer is reliable only in the hands of an experienced and 
competent technician. As much understanding of the use of controls, 
blanks, and rechecks is necessary as is required for the proper application 
of the chemical methods. While both time and material may be saved by 
the use of the flame photometer, the responsibility of the operator is in no 
way reduced. The fact that the source of light is a moving flame and that 
the reaction is an active one, capable of varying from moment to moment, 
must be kept constantly in mind. Frequently an hour or more is required 
to establish conditions of equilibrium for the desired range of concentra- 
tion. Once the range has been established and remains stable it is often, 
but not always, possible to take many successive readings which are re- 
producible and constant over a long period of time. This is true particu- 
larly of urine, extracts of ash, and other protein-free materials. Only by 
repeated readings on solutions of known composition can the stability of 
the reaction be evaluated. Unstable conditions or a sudden change in the 
performance of the instrument may result in errors so large as to make the 
determination worthless for metabolic studies. 

In the analysis of biological material, difficulties are encountered which 
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are not present in many industrial studies. (1) Often the amount of ayaj). 
able material is limited to a small volume and only a few readings ap 
possible; (2) serum, whole blood, ete., contain protein which introduyers 
problems of solution and precipitation; (3) such material as food and stog| 
contain so much insoluble material that special preparation must be pro. 
vided; (4) in some instances the very limited concentration range implies 
that even small changes are significant and must be verified if the resy|ts 
are to be valuable. 

By employing the chemical methods in use in this laboratory as a basis 
of comparison, it has been possible to establish the procedure for the anal. 
yses of sodium and potassium in serum, whole blood, urine, stool, and 
feces with the flame photometer which has been presented to this labora. 
tory. Certain details must necessarily be worked out for any given in. 
strument, but the general directions would no doubt be applicable to all 
similarly constructed flame photometers. 

With the development of a satisfactory instrument which iscommercially 
available, extensive investigation of sodium and potassium should be 
possible for the biological chemist. 


SUMMARY 


A description of one model (model G, series 11) of the flame photometer 
with its advantages and limitations for the analysis of sodium and potas- 
sium in biological material is discussed. 

Preparation of material for analysis is described, together with optimum 
concentrations for the measurement of sodium and potassium in serum, 
whole blood, urine, feces, and food. 
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THE EXCRETION OF NICOTINIC ACID DERIVATIVES AFTER 
INGESTION OF TRYPTOPHANE BY MAN 


By WILLIAM A. PERLZWEIG, FRED ROSEN,* NORA LEVITAS, 
AND JEAN ROBINSON 


From the Department of Biochemistry, Duke University School of Medicine, Durham, 
North Carolina) 


(Received for publication, November 14, 1946) 


It has been previously shown that the oral or parenteral administration 
of tryptophane to rats is followed promptly by the increased excretion of 
nicotinic acid derivatives in the urine (1). It seemed of interest, therefore, 
to test this effect in man, who, in distinction from the rat, is said to utilize 
the 1 isomer only (2). 

The first experiment was performed on six normal premature infants 
weighing less than 3 kilos and one full term baby weighing 3.6 kilos. These 
infants were maintained on a formula composed of diluted evaporated milk 
with added cane sugar, lactic acid, calcium gluconate, and ferrous ammo- 
nium citrate. In addition they received daily supplements of 10 to 20 drops 
of oleum percomorphum, 25 mg. of ascorbic acid, and 5 mg. of thiamine, but 
noadded niacin. The milk component of the diet was estimated to furnish 
at most 0.4 mg. of niacin, and approximately 110 mg. of tryptophane daily. 
For five of these subjects, who received 1 gm. of l-tryptophane for 1 day, 
the solution was prepared as follows: 1 gm. was dissolved in 90 ml. of 5 per 
cent glucose with the aid of NasCQO;; the final pH was less than 9. The 
solution was pasteurized and administered orally. The 2 gm. doses of 
dl-tryptophane,' administered to the other two babies for a period of 3 days, 
were prepared and fed in a similar manner. 

The 24 hour urine specimens were preserved with toluene and 2 ml. of 6 
x HCl. All urines were analyzed for N'-methylnicotinamide by the ace- 
tone-fluorometric method (3, 4), and in some selected urines the total 
unmethylated nicotinic acid was determined by the microbiological method, 
employing Lactobacillus arabinosus (5). 

The results, as shown in Table I, indicate that 1 gm. of l-tryptophane or 
2 gm. of the di form cause a large increase in the excretion of N'-methyl- 
nicotinamide, which may persist for 2 or 3 days before returning to normal. 
The order of magnitude of this increase of excreted N'-methylnicotinamide 


* Nutrition Foundation Fellow. Grants in aid of this work are also gratefully 
acknowledged to the United States Public Health Service, the John and Mary 
R. Markle Foundation, and the Duke University Research Council. 

' The dl-tryptophane used in these studies was furnished by the Sterling-Winthrop 
tesearch Institute, through the kindness of Dr. M. L. Tainter, Director. 
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approximated that observed by Coulson and Stewart (6) in full term ney. 
born and premature infants, after the ingestion of 100 mg. of nicotinie acid 
In the few instances in which determinations were made there was found q 
small, but discernible increase in the excretion of unmethylated nicotinic 
acid in the urine. 

It was not economically possible to administer /-tryptophane to adults jn 
large enough doses to detect significant variations in the urinary excretion 
of N'-methylnicotinamide. After some preliminary tests it was found that 
daily doses of at least 5 gm. of dl-tryptophane! were required to show a defi- 


TABLE I 
24 Hour Excretion of N'-Methylnicotinamide by Seven Male Infants after Ingestion 
of Tryptophane 





Bu., Br., E., ae Win F., W., 
Day 2.25 3.65 2.49 | 2.65 | 2.35 Day 2.60 2.76 
| kilos kilos kilos | kilos | kilos kilos kilos 
mg. meg. | mg. mg. meg. meg mg. 
1. Control 3.1 0.33 0.57; 1.0 | 2.3 | 1. Control 3.5 1.5 
(142 v)*| (54 y)* (65 y)* (107 y)* 
2. 1 gm. l- 10.8 6.9 6.1 | 8.0} 8.2 | 2. 2 gm.dl-| 22.0 2.9 
trypto- | (237 y)*} (221 y)* tryp- 
phane to- 
phane 
4. 0 ime ©; 4.4 2.8/} 3.0) 5.0] 3. 2gm.dl-| 34.7 6.8 
tryp- (177 y)*, (103 y)* 
| to- 
| phane 
5. 0 |} 43 | 1.6 4.2/ 2.4/1.5) 4.2gm.dl-| 28.8 | 84 
tryp- 
to- 
| phane 
6. 0 | 3.5 2.4 











* The figuresin parentheses indicate total unmethylated nicotinic acid, as deter- 
mined by Lactobacillus arabinosus assay (4). 


nite rise. This dose was taken by four young normal adults subsisting on 
a good average diet. The 5 gm. of dl-tryptophane were administered in 
gelatin capsules; 1 gm. portions were taken at 3 hour intervals during the 
day test period. 
mide values only, since the variations in the unmethylated nicotinic acid 
fraction were not significant. While the infants ingested approximately 
0.4 gm. of l-tryptophane per kilo, for the adults the dose was only 0.04 to 
0.05 gm. per kilo in terms of /-tryptophane. That the d isomer was not 
utilized to any appreciable extent was demonstrated by determining the 
tryptophane in the urine by the colorimetric method of Sullivan and Hess 


The results given in Table II show N'-methylnicotina- | 
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(7). which gives both the d and / forms, and by the Lactobacillus arabinosus 
assay (8), which responds only to the /form. The latter yielded values in 
urines after the dosage not appreciably in excess of those obtained in the 
control urines, while the colorimetric method showed the daily excretion of 
1.05 to 2.2 gm. which, therefore, consisted largely of the d form. This 
represents a major portion of the 2.5 gm. of the d-tryptophane ingested. 

It is interesting to note that the adults excreted about the same total 
amounts of extra N'-methylnicotinamide as the infants on the Ist day of 
tryptophane ingestion, although the per kilo intake of the amino acid was 
much less. It is also noteworthy that in all four adults the maximal excre- 
tion of N'-methylnicotinamide occurred on the 2nd day of tryptophane 


TABLE II 


24 Hour Excretion of N'-Methylnicotinamide by Adults Following Daily Ingestion of 
5 Gm. of dl-Tryptophane 


F. R., male, J. R., female, | E. E., female, | N. L., female, 


Day 61 kilos 61 kilos 56 kilos 53 kilos 
; mg. meg meg meg. 
1. Control 8.3 
3 ve §.3 6.4 
3. “8 6.4 5.5 8.8 | 6.6 
4. 5.4 4.3 | 6.6 | 6.7 
5. 5gm. dl-tryptophane 10.3 Pe | 11.4 12.0 
6.5 “ “ 13.5 17.4 17.1 | 15.2 
7.5 a 10.6 4.0 | 4.0 | 12.2 
8. § 13.1 16.5 13.4 11.3 
9.5 9.5 16.0 14.3 13.3 
10. 0 10.5 8.1 13.0 15.0 
li. 0 6.3 5.3 


12. 0 7.6 9.6 





ingestion and was followed by decreased fluctuating values on the subse- 
quent days. Apparently, with continued ingestion of tryptophane by man 
an equilibrium is reached in which the excretion of N'-methylnicotinamide 
varies between narrow limits. This phenomenon is similar to that observed 
during the continued (30 to 40 days) ingestion of nicotinamide by three 
normal men (9), who excreted a fairly constant amount of the methylated 
product in the urine. Since the human is capable of ‘destroying’? N*- 
methylnicotinamide (10), it is difficult to estimate from the data presented 
here the total effect of tryptophane ingestion on the production of nicotinic 
acid. But, since only 20 to 25 per cent of 200 mg. doses of nicotinamide or 
the equivalent amount of N'-methylnicotinamide is accounted for by the 
nicotinic acid derivatives found in the urine (10), it may be permissible to 
postulate that the actual total extra nicotinic acid production in the human, 
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following the ingestion of l-tryptophane, was about 4- to 5-fold greater tha 
the amounts of N'-methylnicotinamide found in the urine. 


The invaluable aid and cooperation of Dr. Angus McBryde, Assistan: 
Professor of Pediatrics, of Dr. Reid H. Anderson, House Officer, and 
Mrs. Lola Jones, Nursery Supervisor, in conducting the difficult experiments 
on the infants in Duke Hospital are acknowledged with sincere thanks, 


SUMMARY 


The ingestion of 1 gm. of l-tryptophane by infants and of 5 gm. of di. 
tryptophane by adults leads to a prompt and marked increase in the urinary 
excretion of nicotinic acid derivatives, chiefly in the methylated form, 
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STUDIES OF PROTOPORPHYRIN 


VII A SIMPLE AND IMPROVED METHOD FOR THE PREPARATION OF 
PURE PROTOPORPHYRIN FROM HEMOGLOBIN* 


By MOISES GRINSTEINt 


(From the Department of Medicine, University of Utah School of Medicine, 
Salt Lake City) 


(Received for publication, July 30, 1946) 


Several methods for the preparation of pure protoporphyrin 9 (type III) 
from hemoglobin have been developed in the last two decades. In most 
of these the globin is first removed to leave hemin or hematin; the iron is 
then split off by reducing the solution of hemin or hematin in an organic 
acid. The liberation of the protoporphyrin is relatively easy. More dif- 
ficult is its purification, especially the separation of a brown-green sub- 
stance which very probably is a derivative of the protoporphyrin. 

In the diagram are outlined the main steps of the methods which have 
been described as well as of the method here proposed. It may be noted 
that only the procedures for the preparation of pure crystalline material 
in good yield are considered. For this reason the methods of Schumm (1) 
and others (2-5) are omitted. 

By Fischer and Piitzer’s method (6) the free protoporphyrin or its methy] 
ester is finally crystallized (7). In our hands (8), however, it was found 
almost impossible to obtain crystalline material by this procedure. 
Hamsik’s method (9) presents the same difficulties. It was found (8) in 
the laboratory of C. J. Watson at the University of Minnesota that, after 
previous purification by chromatography, the methyl ester prepared by the 
procedure of Fischer and Piitzer crystallizes very easily and a very pure 
material is obtained. Later, in 1944 (10), similar results were obtained 
when chromatography was applied to Hamsik’s method. Since both 
techniques are very complicated, the time required to obtain pure material 
is relatively long and the protoporphyrin 9, which is very labile, is subjected 
to several procedures which lead to a decrease in the final yield. A sig- 
nificant improvement was introduced by Grinstein and Camponovo (11) 
at the University of Cordoba, Argentina, by using a methanol solution 
of oxalic acid instead of an acetone solution as is employed in Hamsik’s 


“Aided by a grant for the study of the pathogenesis of the anemia of infection, 
United States Public Health Service. 

Read at a meeting of the Society for Experimental Biology and Medicine, Salt 
Lake City, June 8, 1946. 

tOn leave from the University of Cordoba, Cordoba, Argentina. 
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method. It was found that by dissolving SnCl, in the final hematin solu- 
tion and saturating it with HCl the protoporphyrin methy] ester is liberated 
in a few minutes. After previous purification by chromatography the 
ester crystallizes very easily and a very pure material is obtained in a few 
hours. ‘The method can be applied to samples of blood as small as 0.2 ml. 


Method 


Whole blood, cells, or clotted blood is thoroughly mixed with 2 to 3 
volumes of acetone. The precipitate is separated by filtration through a 
coarse sintered glass filter and washed two or three times with acetone. 


M Vv 
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PROTOPORPHYRIN 9 (type IIL) HEMOGLOBIN 


M=- CH, (methyl) 
V=-CH = CH, (vinyl) 
P=—CH,— CHy~COOH (propionic acid rest) 


Suction is continued for about 15 minutes until a dry powder is obtained 
which is composed mainly of hemoglobin. This we shall call Hb powder. 
The Hb powder is suspended in a 10 per cent solution of oxalic acid in 
methyl alcohol and is shaken for about 10 minutes. The hematin solution 
is separated by filtration through a coarse sintered glass filter. The extrac- 
tion is repeated with several portions of the oxalic acid solution until the 
extracted solution is almost colorless. Four to five extractions are com- 
monly sufficient. 3 to 5 gm. of FeSO, per 100 ml. are dissolved in the 
combined hematin solutions. Sometimes precipitation takes place. The 
solution is saturated with a strong current of gaseous HCl; the hematin 
solution becomes clear and the temperature rises. After a few minutes the 
original brown-red color changes to red-violet, which is a result of the 
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liberation of the protoporphyrin 9 as the methyl ester. At this stage the 
HC1 current is interrupted. The solution is mixed with chloroform and , 
great excess of distilled water. The ester is concentrated in the chloroform 
layer after standing about 15 to 30 minutes. The chloroform solution js 
washed three times with distilled water, once with 10 per cent ammonig 
solution, and finally three times, again, with distilled water. If a great 
white precipitate is formed after washing with the ammonia solution, it js 
convenient to separate it by filtration before washing with water. The 
final solution is concentrated, preferably by vacuum, and is then crystallized 
by the ordinary method; that is, by mixing the concentrated solution with 
an excess of methyl alcohol. More crystalline material is obtained if the 
mixture is allowed to stand a few hours in a refrigerator. If very pur 
material is required, a second crystallization is carried out. An additional 
5 to 10 per cent yield can be obtained by evaporating to dryness the com- 
bined mother liquors. The residue is dissolved in a little chloroform and 
chromatographed, by means of a CaCO; (12)' column, chloroform-pe. 
troleum ether (1:10) as an adsorption solvent, and chloroform-petroleum 
ether (1:3) for the development of the chromatogram. The protopor- 
phyrin ester forms the lower red-violet band. Most of the impurities 
remain in the upper part of the column. The protoporphyrin band is eluted 
with chloroform and crystallized as described above. 

Saponification of the Ester—Pure free protoporphyrin can be obtained 
by dissolving the ester in 25 per cent HCl. After 4 to 5 hours practically 
all the ester is saponified. The free protoporphyrin is precipitated by 
neutralizing the solution with NaOH. The precipitate is separated by 
filtration through a medium sintered glass filter and washed several times 
with distilled water in order to remove the NaCl. 


Results and Comments 


The present method offers a simple and economical way to obtain pur 
protoporphyrin 9 methyl ester from hemoglobin. The crystalline form 
is typical of the protoporphyrin 9 methyl ester. The melting point & 
224-226° (corrected). The absorption maxima* of the methyl ester in 
CHC, are I 631.1, IT 575.0, IL 541.3, IV 507.4, V 407.3 mu; the order of 
intensity, V, IV, III, I, I. The specific extinction coefficient (e2=38% perm! 
at \ 407.3 is 2.8 XK 10°. The absorption maxima of the free protopor- 


1 The following precipitated calcium carbonates have been used with good results 
Wyandotte, heavy grade; Mallinckrodt, U. 8. P. XII, heavy; Cenco, precipitates 
powder, U.S. P.; Braun-Knecht-Heimann Company, U.S. P., precipitated powder 
Merck, heavy powder; and Baker Chemical Company, precipitated chalk. 

?Spectrophotometric measurements were made with a Beckman spectrophotom 


eter, model DU. 
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phyrin in 25 per cent HCl are I 602.3, II 556.9, III 411.2 mu; the 
order of intensity, III, II, I. The specific extinction coefficient at \ 411.2 
is 48 X 10°. The absorption maxima of the protoporphyrin 9 methyl 
ester prepared by the method described earlier (8) in CHCl; are I 631.2, 
II 575.1, III 540.9, IV 507.8, V 407.4 my; the order of intensity V, IV, 
Il, I, II. The absorption maxima of the free form of the same porphyrin 
in 25 per cent HCI are I 602.6, IT 557.1, III 411.2 my; the order of intensity 
Ill, 11, I. The methyl ester of this protoporphyrin behaves as a chromato- 
graphic entity. Its mixture with that prepared by the method described 
earlier (8) was chromatographed. A single band was obtained and this 
was then eluted with chloroform and crystallized. The melting point of 
the crystalline material was 223-225° (corrected). No significant depres- 
sion of the melting point was observed. Sometimes the crystalline material 
is mixed with a trace of free protoporphyrin. If a separation is required, 
it can be carried out by chromatography, on a CaCQ; column. Chloro- 
form-petroleum ether (1:6) is used as the adsorption solvent and the 
chromatogram is developed with chloroform-petroleum ether (1:1). The 
free protoporphyrin remains at the top of the column and can be eluted 
only with acidified chloroform (chloroform with about a tenth of its volume 
of glacial acetic acid). 

The yield of protoporphyrin methyl ester ranges between 70 and 80 per 
cent. It may be noted that by the methods hitherto described the follow- 
ing yields were obtained: Fischer and Piitzer, 58 per cent; Grinstein and 
Camponovo, 60 per cent. 


SUMMARY 


A simple and economical method is described for the preparation of pure 
protoporphyrin 9 methyl ester from hemoglobin. 
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THE EFFECT OF FAT ON THE ABSORPTION AND 
UTILIZATION OF GALACTOSE BY THE RAT* 


By MARIE L. NIEFT ann HARRY J. DEUEL, Jr. 


From the Department of Biochemistry and Nutrition, University of Southern 
California School of Medicine, Los Angeles) 


(Received for publication, August 12, 1946) 


In 1938, a study reported by Schantz, Elvehjem, and Hart (1) indicated 
that galactosuria occurred in rats and other animals fed solely on liquid 
skim milk. Feeding whole milk did not produce this effect. It was 
further found that the addition of 3 to 4 per cent of fat to the skim milk 
completely prevented this galactosuria. 

Zialcita and Mitchell (2) recently ran a similar series of experiments, 
using synthetic diets containing high percentages of lactose, and concluded 
that fats as such had no influence on galactose metabolism in the rat. A 
lower urinary galactose excretion was observed with corn oil than with 
butter fat or with a calorically equivalent amount of glucose. This effect 
was ascribed to the possible occurrence of some substance in the non- 
glvceride fraction which influences galactose metabolism. 

More recently, Geyer and his coworkers (3) extended the work, using 
both milk and synthetic diets containing lactose or galactosé, and con- 
cluded that fat decreased the galactosuria and consequently increased the 
utilization of galactose. Butter fat and corn oil were used. 

The present work was undertaken in an attempt to correlate these re- 
sults and to determine whether the fat effect originates primarily in the 
absorptive or in the metabolic phase. 


EXPERIMENTAL 


Studies with Synthetic Diets—Weanling albino rats of the Sprague- 
Dawley strain were used in these experiments. The animals were kept in 
individual cages during the preliminary 2 week feeding period, and then 
transferred to the mesh-bottomed metabolism cages where 3 day urine 
samples could be collected under toluene. The rats were fasted for 1 day 
before the excretion studies to prevent excretion of previously ingested 
galactose from overlapping into the experimental period and to insure 
complete consumption of the measured ,amount of diet fed each animal. 
Sugar determinations were done by the Shaffer-Hartmann method (4) 
by use of a curve calibrated for galactose. Glucose was tested for by 
difference after fermentation with bakers’ yeast, but in no case was gluco- 
suria observed. 


*This work was supported by a grant from The Best Foods, Inc. 
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The diets used are given in Table I. } 
Adequate supplements of both water-soluble and fat-soluble Vitamins we 
were given daily... Butter fat, corn oil, and cottonseed oil were used as the use 
dietary fats. Each rat was given 6 gm. of the diet daily during the 3 days tul 
of the test period, with water ad libitum. Because of the 2 week prelini. ; am 


TABLE I me. 

Composition of Diets Used for Excretion Studies of 

Diet components Diet 1 Diet 2 Diet 3 was 

e . — a-s 

per cent per cent per cent 

: ' bas 

Casein 16 16 16 hef 

Lactose sate j 14 4 44 vel 

Cellu flour S S g hyd 
Glucose ones 0 8 18 
rere ree ere ce 28 20 10 

Balt mixture®......cccce 4 } 4 Sim 

— wt 


* Osborne-Mendel salt mixture (5 


Taste II 


Re lation between Dietary Fat Le rel and Urinary Galactose Excretion 








No. of Average Average per cent ol ingested oe 
experiments rat weight galactose excreted*® M.d.: s.e.m 
on ff Lact 
Fat fed 
- ~ - -~ - oo - Diet 2 Diet =a 
Sisisizsisisizs sas Gala 
SBlisalaiaiaiala cos 
” ” ” 
al 
Butter fat 9 | 12) 9 Gt 81) 69/7.9) 23.9 + 0.64; 39.6 + 1.25) 11.20 
Corn oil 9 | 11] 10; 71) 65) 804.7) 25.5 + 1.13) 37.5 41.16) 7.42) 1.2 
Cottonseed oil 10; SS 62 59 23.7 + 0.92! 31.8 + 0.94! 6.13 4.9 caleu 
3.74} | ings | 
; — | ings: 
Diet 1, 28 per cent fat; Diet 2, 20 per cent fat; Diet 3, 10 per cent fat. 
print td ho wards, : , Bu 
Including the standard error of the mean 
+ This is the ratio of the mean difference to the standard error of the mean dif- corre 
ference. When this exceeds 3, the results are considered significant. oil w. 
t Compared with corn oil. 156 0 
| 
} table 


nary feeding, no trouble was encountered from the diarrhea so frequently | —— 
seen on high lactose diets. The fats gained weight steadily and appeared |  thenic 


healthy. Table II gives the results of the excretion studies on variow} “™20 
: 1.0. 
dietary fat levels. “ge 
: daily. 
' Each rat received a daily supplement of 0.1 cc. of water solution containing 0.0 | Tl 
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tilled | 


mg. of thiamine, 0.09 mg. of riboflavin, 0.09 mg. of pyridoxine, 0.56 mg. of pante 
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Studies on Absorption Rates—The animals in this series of experiments 
were also of the Sprague-Dawley strain, and weighed 40 to 80 gm. when 
used. After a preliminary 2 day fast, the animals were fed by stomach 
tube a calculated amount of a fat-lactose mixture emulsified in a known 
amount of water.*. After approximately 1 hour, the animals were sacri- 
ficed and the gut removed in one piece, including the stomach. The ali- 
mentary tract was flushed with 100 cc. of ethyl ether, followed by 100 cc. 
of distilled water. This mixture was filtered through glass wool, which 
was then thoroughly washed with ether and water, and filtered through 
a-separatory funnel. Fats were determined gravimetrically, and the 
basal level obtained from unfed rats was subtracted from the total fat 
before further calculations were made. The sugar was determined after 
hydrolysis with 5 per cent HCl by the Shaffer-Hartmann method and 


TaBLe III 

Simultaneous Absorption Rates of Fat and Lactose (or Galactose + Glucose Mixture) 
with Different Proportions of Fat Following Dosage of 156 Mg. of Sugar per 100 

Sq. ('m. of Body Surface 





> Average y 
Fat fed pee weight Sugar absorption® e.. 
ot rats 
. me. per 100 sq ms. per 100s 
per cent em rg per he per cent per hr. 4 per hee 
Lactose diet Butter fat 10 17 68 + 8 42.9 + 3.1 2l+ 3 
Corn oil 10 61 5+3 4.5408 | 19+2 
20 74 38 + 2 25.2 + 2.0 13 + 1 
Galactose-glu- Corn oil 10 40 143 + 8 W.5 + 2.8 


cose diet 





* Including the standard error of the mean. 


calculated as galactose. No reducing substances were found in the wash- 
ings from unfed animals, and no fermentable sugars were found in the wash- 
ings of the test animals prior to hydrolysis. 

Butter fat and corn oil were given at a fat to lactose ratio of 1:4.4, 
corresponding to the ratio in the 10 per cent fat diets. In addition, corn 
oil was fed at the 20 per cent level, or 1:2.2. The dosage in all cases was 
156 mg. of lactose per 100 sq. cm. of surface area, as determined from the 
tables of Lee (6). Table III shows the results of these absorption studies, 





thenie acid, 21 mg. of choline, 0.098 mg. of niacin, 10 mg. of inositol, 2.8 mg. of p- 
aminobenzoic acid. In addition, 0.8 mg. of viosterol, 0.12 mg. of a-tocopherol, and 
0 1.U. of vitamin A, dissolved in 0.1 ce. of the same fat used in the diet, were fed 
daily. 

*? The fat and lactose were well mixed in a mortar and a measured amount of dis- 
tilled water was added. Vigorous grinding of the mixture produced a fine emulsion 
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as well as another series in which a 1:1 mixture of glucose and galactos | 


was substituted for lactose at the 10 per cent corn oil level. Absorptign 
rates of fermentable and non-fermentable sugars under these conditions 
were inconsistent, but the total amount of sugar absorbed in each case was 


fairly constant. 
DISCUSSION 


The results herein reported confirm those of Geyer et al. (3) in that the 
addition of 28 per cent of fat to a high lactose diet will markedly reduce 
galactosuria. Geyer, too, found butter fat and corn oil essentially equa 
in their effectiveness. In no case were we able to obtain values for galae. 
tose excretion approaching the 30 per cent average found by Zialcita and 
Mitchell (2) at the 28 per cent fat level; however, with a fat content ¢ 
10 per cent, the galactose excretion exceeded 30 per cent. 

It may further be seen that at a constant lactose level (44 per cent) th 
urinary galactose excretion varies inversely with the percentage of fat 
in the diet. There appears to be no great difference in the effects produced 
by butter fat, corn oil, or cottonseed oil at the 20 per cent level, although 
at the 10 per cent level the lower value for cottonseed oil is statistically 
significant. 

A partial explanation for this effect of fat on galactose excretion may bk 
found in the absorption data presented in Table III. The presence of | 
gm. of fat for every 4.4 gm_ of lactose allows about 43 per cent of this sugar 
to be absorbed per hour, presumably as galactose and glucose. Increasing 
the fat to 2 gm. per 4.4 gm. of lactose decreases this absorption rate to 2 
per cent. Since Dominguez and Pomerene (7) have found that the er 
cretion rate of galactose is proportional to the plasma concentration, 
seems very probable that a ‘flooding effect” produced by the faster ab- 
sorption rate is reflected in increased galactosuria. Slowing the ab 
sorption rate lowers the plasma level to a value which can more readily 
be controlled through metabolic means, and hence less is excreted in the 
urine. Cori (8) has shown that the intravenous galactose tolerance {« 
the rat is 0.1 gm. per kilo per hour, while the amounts absorbed in thew 
studies are in the range 0.8 to 1.4 gm. per kilo per hour. ‘The excess ove 
that which can be metabolized is excreted as foreign substance by way ¢ 
the urine. 

The mechanism by which the fat produces its effect isunknown. Gastn 
emptying time is delayed by the presence of fat, and hence the effect cou! 
be produced by preventing the sugar from reaching the intestine at & 


which remained stable for several hours, long enough to permit the determination 


the specific gravity and feeding the animals. 
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rapid a rate as usual. The cause is not hindrance of sugar hydrolysis, 
since feeding a fat-supplemented 1:1 mixture of glucose and galactose 
increases the absorption rate only about 5 per cent, and the absolute rate 
of sugar absorption is still far below that observed in the absence of fat. 

Admittedly the fat effect involves an absorption mechanism but no 
evidence has yet been presented which would exclude a metabolic effect 
of fat on galactose utilization. Deuel and his coworkers {9) have shown 
that galactose has a greater ketolytic effect than glucose itself, which 
suggests a possible fat-galactose relationship. A possible solution for this 
phase of the problem lies in simultaneous blood and urine galactose studies 
during absorption of fat-sugar mixtures. 


SUMMARY 

1. The percentage of ingested galactose which is excreted in the urine 
varies inversely with the percentage of fat in the diet. 

2. The rate of intestinal absorption of galactose also varies inversely 
with the percentage of fat in the diet. 

3. The fat effect appears to be independent of the type of fat at a 20 
per cent level, since butter fat, corn oil, and cottonseed oil give essentially 
the same results. However, if the fat level is cut to 10 per cent, cotton- 
seed oil gives significantly lower urinary excretion values than either butter 
fat or corn oil. 
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PREVENTION OF PHENYLALANINE SYNTHESIS 
BY TYROSINE 


By ERNEST BEERSTECHER, Jr., ann WILLIAM SHIVE 


(From the Clayton Biochemical Institute and the Department of Chemistry, 
The University of Texas, Austin, 


(Received for publication, November 4, 1946) 


Studies of metabolism involving phenylalanine have been largely con- 
cerned with the pathways of its oxidative degradation (1-3), and little 
is known concerning its biosynthesis. Since the mechanism whereby the 
phenyl group is synthesized in biological systems is unknown, any evidence 
which indicates the natural precursors of phenylalanine may contribute to 
the broader problem of biosynthesis of aromatic compounds. 

The techniques of inhibition analysis (4, 5) applied to the effect of 
tryptophane on the toxicity of two different analogues of phenylalanine 
have indicated that tryptophane increased the production of phenylalanine 
in Escherichia coli. Since the exact function of tryptophane in the bio- 
synthesis of phenylalanine has not been determined, a search for additional 
inhibitors of biochemical transformations involving the biosynthesis and 
utilization of phenylalanine was made. 

Tryptophane has recently been found to inhibit the growth of certain 
microorganisms by competing with phenylalanine for some enzyme system, 
the products of which are essential for growth of the organism (6). The 
question arises as to whether or not other 8-arylalanines may also be 
efiective analogue inhibitors of the functioning of phenylalanine. In view 
of scattered reports that tyrosine in relatively large concentrations is toxic 
to some organisms (7, 8) and in view of the competitive inhibition of the 
growth of some microorganisms obtained with hydroxy amino acids as 
analogues of amino acids (4, 5), tyrosine was studied in the present in- 
vestigation as a possible competitive inhibitor of the functioning of phenyl- 
alanine in Escherichia coli. 

Although the growth of Escherichia coli in the inorganic salts-glucose 
medium was not inhibited initially by tyrosine, cultures which had been 
transferred daily in a medium containing phenylalanine became increas- 
ingly sensitive, so that, under optimal conditions, as little as one part 
of tyrosine in 30 million parts of medium completely inhibited growth of 
the organism in the salts-glucose medium. However, tyrosine appar- 
ently prevents the synthesis of phenylalanine rather than its utilization. 
The experimental results supporting this conclusion are: (1) the non-compet- 
itive prevention of the toxicity of tyrosine by phenylalanine and (2) the 
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synergistic effect of tyrosine and 8-hydroxyphenylalanine in preventip, | 


growth of the organism. Concentrations of phenylalanine corresponding 
to that required for growth by certain microorganisms prevented cop. 
pletely the toxicity of tyrosine, even at concentrations approaching 


saturation. Cysteine, cystine, aspartic acid, and glutamic acid on the 
; | 


other hand prevent the toxicity of tyrosine in somewhat of a competitive 
manner, which suggests that they may serve as precursors of a substanee 
which competes with tyrosine for an enzyme essential for the synthesis ¢ 
phenylalanine. Details of the experiments and some of their implication; 
in biosynthesis and biological control mechanisms are presented beloy, 


EXPERIMENTAL 

Testing Methods—The basal medium composed of inorganic salts anj 
glucose and testing methods have been previously described (4, 5). The 
Escherichia coli which was used in these experiments was a strain carried 
in this laboratory for several years (4). After the initial transfer from 
the stock culture maintained on a veast extract-glucose agar slant to the 


mineral salts-glucose medium containing 10 mg. of phenylalanine per 10 ee, | 


of medium, the growth of the organism usually was not affected by ty- 
rosine. However, after from four to five daily transfers in the presence 


of phenylalanine, the growth of the organism was inhibited by tyrosine, | 


and by the eighth daily transfer, 1 y of tyrosine per 10 cc. of salts-glucox 
medium was usually sufficient to inhibit completely the growth of the 
culture. All testing except that listed in Table II was done with a 
inoculum from a culture between the eighth and sixteenth daily transfer 
in the phenylalanine-salts-glucose medium. The inoculum for the tes 
indicated in Table II was from a culture after the fifth daily transfer 
Time and temperature of incubation are given with Tables I to III. 


Results 


As shown in Table I, /-tyrosine at extremely low concentrations inhibit | 
the growth of this strain of Escherichia coli, and 10 to 30 y of phenylalanim | 
prevent completely the inhibition at all levels of tyrosine, including co 
centrations approaching saturation. Lower concentrations of pheny: 
alanine prevent the inhibition to intermediate degrees; however, ther 
is no constant ratio of inhibitor to phenylalanine at which inhibitia 
occurs, and the lowest concentration of phenylalanine necessary to pr 
vent completely the toxicity of tyrosine at all concentrations approximate | 
the amount required for good growth by several other bacteria (911) 

The synergistic effect of tyrosine and §-hydroxyphenylalanine in pr) 
venting the growth of Escherichia coli is shown in Table II. For example, 
a mixture of 3.0 y of tyrosine and 100 y of 8-hydroxyphenylalanine 
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Miting TaBLeE [I 
nding Prevention of Tyrosine Toxicity by Phenylalanine 
—_ Test organism, Escherichia coli; incubated 16 hours at 37°. 
ching | ——_—_ — — - 
n the j-Tyrosine di-Phenylalanine Galvanometer readings*® 
titive x per 10 ce. y per 10 
tance 0 0 19.0 
sis oj l 0 3.5 
P 3 0 2.0 
tions 
— 0 l 49.0 
aoe 1 l 49.0 
3 1 27.0 
10 1 4.0 
5 and 0 3 47.5 
Th 3 3 46.0 
2 10 3 39.0 
—_— 30 3 3.0 
from 0 10 48.0 
‘0 the 100 10 45.0 
10 ce 300 10 47.0 
¥ ty. 1000 10 35.0 
aes 3000 10 20.0 
— 0 30 48.0 
osine 3000 30 48.0 
cess fF —$ — - —_—___— —__——_—— 
of the * A measure of culture turbidity; distilled water reads 0, an opaque object 100. 
th an 
ansier TaBLe II 
. test | Synergistic Effect of Tyrosine and 8-Hydroryphenylalanine in Preventing Growth of 
nsf Escherichia coli 
nsier 
rT Incubated 16 hours at 37°. 
i de ea Galvanometer readings; /-tyrosine, y per 10 cc. 
hibits | Ber 10. 
Janine | 0 0.3 1.0 3.0 10 30 
t Con 0 45.0 46.0 45.0 44.0 35.0 2.5 
4 F 30 43.0 25.0 12.0 
neny* 100 17.0 7.0 3.0 
ther 300 43.0 39.0 13.5 13.0 
bition 1000 21.0 15.0 6.0 
) pre | 3000 2.0 3.0 2.0 
mates * The source of this material has been listed previously (5). 
11 
Te . . . 
. v" 10 ce. of medium prevents growth of the organism, but either 30 y of 
mp*'| tyrosine or 3000 7 of 8-hydroxyphenylalanine alone in 10 cc. of medium are 
ine 


hecessary to inhibit similarly the growth of the bacteria. It is interesting 
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. ° ° . ° ' 
to note that the organism used in this test is not as susceptible to either tl 

















inhibitor as is an organism which has been transferred daily for a greater tl 
number of times in the phenylalanine-salts-glucose medium. Ww 
al 
TABLE III . «4 
Effects of Cystine, Glutamic Acid, and Aspartic Acid on Toricity of Tyrosine th 
Test organism, Escherichia coli: incubated 16 hours at 37°. | ac 
Galvanometer readings for reversing agent 
l-Tyrosine Reversing agent PeRaEmnIReR Ene cee Taine of 
i-Cystine* er oe ot-Aspartic to 
aia y per 10 ‘ — y per 10 cc. | an eth 
0 0 49.0 52.9 | 44.0 al 
1 0 3.5 2.0 | 3.0 
3 0 3.0 2.5 | 4.0 | 
0 10 49.0 50.0 | q 
0 Ae » | 
1 ] 46.0 46.0 Ese 
3 10 4.0 3.0 h 
10 10 4.0 | j te 
0 30 17.0 49.5 | 45 | m § 
l 30 47.0 49.5 | 40 ; ven 
3 30 43.0 | 20 | 309 | of 
10 30 10.0 3.5 | | requ 
30 30 3.5 | tox 
0 100 17.0 49.5 | 46.0 | = 
3 100 48.5 7.0 | 44.0 | T 
10 100 47.0 21.0 | 4.0 poss 
30 100 3.9 2.0 com, 
— | 
100 100 3.5 _ enzy 
0 300 49.0 16.0 48.0 . 
3 300 50.0 48.0 | 44.0 Prop 
10 300 18.5 48.5 15.0 | may 
30 300 36.0 3.0 | 60 | ingt 
100 300 21.5 | | whic’ 
300 300 5.0 : | prodi 
0 LOOO 48.0 48.0 45.0 
riggs s of gr 
30 1000 48.0 47.5 45.0 
100 1000 15.5 50.0 34.0 analo 
300 1000 16.0 | 25 | 7.0 whicl 
1000 1000 7.5 | tyrosi 
“= ore RPG tteame a — ———e enzyr 
Separate tests were made with each reversing agent. : 
enzyn 
e ‘ . . ° ° hi no ot 
The effects of /-cystine, di-glutamic acid, and dl-aspartic acid on the limiti 
mee : da . a , ; imitiz 
toxicity of /-tyrosine are shown in Table III. The addition of increasing | F : 
amounts of each of these amino acids to the medium necessitates the! h = 
—e “- : . Pie me eny 
addition of increasing amounts of /-tyrosine in order to prevent growth «| fn , 


the organism. In separate experiments, dl-cysteine was found to prevent 
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the toxicity of /-tyrosine in an analogous manner. Hence, since the syn- 
thetic racemic amino acids were effective in preventing the toxicity, it 
would seem unlikely that this effect could be ascribed to phenylalanine as 
an impurity. In this and other tests of the same type, the activity of 
cystine (or cysteine) was greater than that of glutamic acid in preventing 
the toxicity of /-tyrosine, and glutamic acid was more effective than aspartic 
acid. 

In other experiments, d/-methionine and /-histidine in concentrations 
of over 1 mg. per 10 ec. of medium had slight activity in preventing the 
toxicity of tyrosine, but phenylpyruvic acid, phenylsulfuric acid, 8-phenyl- 
ethylamine, and other amino acids, including tryptophane, were inactive 
in preventing the inhibition. 


DISCUSSION 


The effect of phenylalanine on the toxicity of tyrosine for the strain of 
Escherichia coli used in these experiments suggests that tyrosine prevents 
the synthesis of phenylalanine rather than the functioning of phenylalanine 
in some enzyme system. Increasing concentrations of phenylalanine pre- 
vent the toxicity of more than a corresponding increase in the concentration 
of tyrosine, and concentrations of phenylalanine approximating that 
required by several bacteria for growth (9-11) completely prevent the 
toxicity of tyrosine even at concentrations approaching saturation. 

The structural similarity of tyrosine and phenylalanine suggests the 
possibility that tyrosine in preventing the synthesis of phenylalanine might 
compete with a structurally similar precursor of phenylalanine for an 
enzyme which functions in the biosynthesis of phenylalanine. It has been 
proposed (4, 12) that competitive analogue-metabolite growth inhibition 
may be utilized in the elucidation of biochemical transformations by assum- 
ing that the antibacterial index is a function of the inhibited enzyme system 
which is the limiting process for growth, and that the addition of the 
product of this specific limiting enzyme system to the organism in excess 
of growth requirements either completely prevents the toxicity of the 
analogue at any concentration or results in a higher antibacterial index 
which is a function of another enzyme system. Regardless of whether 
tyrosine competes with some metabolite for an enzyme or prevents the 
enzyme from functioning in another manner, it is evident that the blocked 
enzymatic process is necessary for biosynthesis of phenylalanine and that 
no other enzyme is affected by tyrosine to the extent of becoming the 
limiting factor for growth of the organism. 

Further evidence indicating that tyrosine prevents the synthesis of 
phenylalanine is shown by the synergistic effect of mixtures of tyrosine 
and 8-hydroxyphenylalanine in preventing growth of Escherichia coli. 
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Such synergistic action usually results from two inhibitors preventing the 


functioning of two different enzymes in one series of enzymatic reactions 


and 8-hydroxyphenylalanine has been shown to compete with phenylalanine 
for an enzyme, the functioning of which is necessary for growth of the 
organism (5). Hence, in view of the effect of phenylalanine on the toxicity 
of the two inhibitors, it appears that tyrosine prevents the biosynthesis o 
phenylalanine, while 8-hydroxyphenylalanine prevents the functioning of 
phenylalanine in an enzyme system. 

In regard to the theoretical aspects of the above type of synergism, 
it is well known that the concentration of an inhibitor necessary for may. 
imum inhibition of growth is often many times that which is necessary 
for half maximum inhibition of growth. Hence, reduction of the rate of 
synthesis of the product of the inhibited enzyme system to a small fraction 
of the rate of synthesis in the absence of the inhibitor is possible with only 
a small fraction of the concentration of inhibitor necessary for maximum 
inhibition of growth. If the product of this enzyme system competes with 
another analogue inhibitor for another enzyme, then the reduced synthesis 
of the product will result in a proportional reduction of the concentration 
of this analogue inhibitor necessary for maximum inhibition. Henee, 
addition together of even a small fraction of the concentration of each 
inhibitor necessary for maximum inhibition of growth is sufficient to caus 
complete inhibition of growth of the organism. 

The reversing effects of glutamic acid, aspartic acid, and cystine (o 


cysteine) or tyrosine toxicity are competitive in nature; therefore, it | 


seems possible that these substances may function as precursors ofa | 
metabolite which is competitive with tyrosine and which functions in the | 


biosynthesis of phenylalanine. Since glutamic acid and aspartic acid 
are interrelated (by transamination) (4, 13), the possibility suggests itself 
that aspartic acid may act as a precursor of cysteine (or cystine) whieh, 
being the most effective of these amino acids in preventing the toxicity a 
tyrosine, in turn functions as a precursor of the metabolite that competes 


with tyrosine for the enzyme necessary to phenylalanine synthesis. Hov- | 


ever, it is of considerable interest that Sullivan ef al. (8) found that eystine 
counteracted to a considerable degree the toxicity of high concentrations 
of tyrosine for rats. Since phenylalanine has been found to be required 
for the growth of rats, it is possible that cystine may merely aid in the 
removal of tyrosine by reaction with it in both organisms. 


Evidence has previously been presented to show that tryptophane fune- 


tions in the synthesis of phenylalanine (5). Tryptophane is, however, | 


completely ineffective in reversing tyrosine toxicity. It thus seems likely 
that tyrosine blocks the synthesis of a precursor of phenylalanine whieh 
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reacts With tryptophane (or its derivatives), or is mediated by them, to 
form phenylalanine. In tyrosine inhibition, this precursor becomes the 
limiting factor, and tryptophane is therefore ineffective in reversing the 
toxicity. 

Culturing of Escherichia coli in the presence of phenylalanine results 
in the organism’s becoming very sensitive to exogenous tyrosine which 
acts to prevent phenylalanine synthesis. However, tyrosine is still 
synthesized by the organism, as is indicated by the fact that 8-2-thienyl- 
alanine still prevents growth of the organism and, as is previously indicated 
(14), does so by preventing the oxidation of phenylalanine to tyrosine. 
It appears, therefore, that tyrosine may serve as a mechanism of control 
in the biosynthesis of phenylalanine and related metabolites. The implica- 
tions of this newly demonstrated type of biochemical control are far 
reaching and are being investigated in other systems. 


The authors are indebted to Judith E. Elliott for her assistance in some 
of the testing. 


SUMMARY 


When Escherichia coli is cultured under suitable conditions in the presence 
of phenylalanine, the organism becomes very sensitive to exogenous tyro- 
sine; as little as one part of tyrosine in 30 million parts of medium may 
under optimal conditions completely prevent growth of the organism in 
mineral salts-glucose medium. Tyrosine and #$-hydroxyphenylalanine 
act synergistically in preventing growth of the organism, and phenylalanine 
prevents completely and non-competitively the toxicity of tyrosine. On 
this basis, it is proposed that tyrosine prevents the biosynthesis rather 
than the utilization of phenylalanine. However, tyrosine is still synthe- 
sized by the organism, as indicated by the fact that 8-2-thienylalanine 
still prevents growth of the organism by inhibiting the oxidation of phenyl- 
alanine. Hence, tyrosine appears to control the biosynthesis of phenyl- 
alanine and related metabolites. The implications of this type of bio- 
chemical control may be far reaching. The effects of glutamic acid, aspartic 
acid, and cystine (or cysteine), which result in somewhat of a competitive 
reversal of the toxicity of tyrosine, suggest the possibility that they may 
function in the biosynthesis of phenylalanine. 
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Although many methods for the determination of urea nitrogen have 
been described, few have proved highly convenient for the accurate deter- 
mination of small amounts of urea nitrogen without having to make use 
of special apparatus or techniques. Among the older methods, the Van 
Slyke gasometric method (1) is generally considered the most accurate, 
with an allowable error of 1 per cent. This method, however, is not 
applicable to the determination of very small amounts of urea. The 
microdiffusion technique of Conway and O’ Malley (2) and its recent modifi- 
cation by Kinsey and Robison (3) make possible the measurement of as 
little as 1 y of urea nitrogen, with an error of about 5 per cent. We have 
had no experience with the latter methods. 

Because of its simplicity and specificity the old xanthydrol method of 
Fosse et al. (4) has been reinvestigated for its usefulness and accuracy at 
the lower levels of urea nitrogen concentrations. Originally designed 
as a gravimetric technique, this method has been modified by Beattie 
(5) and by Lee and Widdowson (6) for the visual colorimeter. The method 
depends upon the precipitation of urea as dixanthylurea by a methyl 
alcoholic solution of xanthydrol, the separation of the dixanthylurea 
precipitate, and the formation of a yellow color upon the addition of 50 
per cent sulfuric acid to the dixanthylurea. Making use of the Lumetron 
model 402-E colorimeter with the 420 mu monochromatic filter, we have 
been able to measure urea nitrogen levels down to 2 y with an accuracy 
of about 1 per cent and recover accurately as little as 0.43 y of added urea 
nitrogen. 


EXPERIMENTAL 


Reagents— 

Glacial acetic acid. 

5 per cent xanthydrol in absolute methyl alcohol. Xanthydrol (East- 
man) is recrystallized by adding water to a methyl alcohol solution of 
xanthydrol in the cold. The recrystallized product should be white. 

As the crystalline material alters on standing and exposure to air, only 
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} 
small amounts should be recrystallized at one time. The 5 per cen | 
solution is filtered and stored in a dark bottle in the refrigerator. [If , al 
precipitate forms on standing, it should be filtered off. The solution, - 
should not be kept more than 2 weeks, as it deteriorates and yields irregulg; - 
results. ( 

Methyl alcohol saturated with dixanthylurea (Wash Solution A), |p | = 
each of four 50 ml. centrifuge tubes place 5 ml. of a solution containing about | . 
0.6 mg. of urea, 5 ml. of glacial acetic acid, and 1 ml. of 5 per cent xanthydrol C 
in methyl alcohol. Stir and allow to stand for 30 minutes. 20 ml, of ot 
methyl alcohol are then added, and the solution stirred and centrifuged, 
Decant the supernatant and wash the precipitate again with 20 ml, of 
methyl alcohol. Centrifuge and decant. The precipitate should be | Pe 
sufficient to saturate 2000 ml. of methyl alcohol at 20°, less at higher | 
temperatures. Filter just prior to use. Bs. 

Methyl alcohol-water mixture (3:1) saturated with dixanthylures | : 
(Wash Solution B). Dilute 3 parts of Solution A with 1 part of water, vs 
Wash Solutions A and B should always be filtered from their stock soly- Be 
tions just prior to use, as changes in room temperature will influence the | me 
degree of saturation of the solutions, : | » 

50 per cent sulfuric acid (by volume). pe 

Standard urea nitrogen solutions containing 1 to 30 y of nitrogen. zs 

Method in 

Urea nitrogen levels of from 2 to 30 y may be conveniently determined a 
in 0.1 to 1.0 ml. of blood or serum. Tungstate filtrates may be used, | * 
1:10 dilution for urea levels within the normal range and 1:50 for elevated | ne 
urea levels. To a 15 ml. centrifuge tube add 1 ml. of filtrate and 1 nl. | 7 
of glacial acetic acid; stir with a glass rod. Add 0.2 ml. of 5 per cent | > 
xanthydrol, taking great care to avoid touching the sides of the tube or | m 
the glass rods, as the xanthydrol solution tends to creep up glass. Str) __ 
vigorously and allow to stand for 10 minutes, leaving the rods in the tube. | . | 
Store in the refrigerator for 6 to 24 hours to allow a precipitate of d- | . 
xanthylurea to form. Contrary to the findings of Lee and Widdows pe 
(6), we find 6 hours adequate for complete precipitation of even the smallest i 
amounts of urea. | aw 

When the precipitation is completed, remove the tubes from the r Id 
frigerator, allow them to reach room temperature, and then introduc at 
4 ml. of Wash Solution A, carefully washing down the sides of the tubes Gi 
and the stirring rods. Mix until the solution is homogeneous and allow | ha 
to stand at room temperature (20-25°) for 15 minutes, stirring at frequent | of 
intervals. Remove tne stirring rods and wash down the sides of the tubes of 
with about 0.5 ml. of the wash solution. Centrifuge for about 5 minutes ne 
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at 2500 r.p.M.; decant and discard the supernatant. Wash the precipitate 
in a similar manner with a 4 ml. portion of Wash Solution B, centrifuge, 
and decant. Repeat the washing a third time with Wash Solution B. 
Completeness of washing may be checked by adding 50 per cent sulfuric 
acid to the discarded wash solution. The appearance of a yellow color 
indicates the presence of xanthydrol and the need for further washing. 
Careful and complete washing out of excess xanthydrol is essential in view 
of the fact that sulfuric acid yields the same color development on addition 
of xanthydrol as it does with dixanthylurea. After the final washing, 
drain the wash solution from the centrifuge tubes and add 10 ml. of 50 
per cent sulfuric acid. Mix thoroughly and after about 20 minutes transfer 
to the colorimeter tubes and read in the colorimeter. 50 per cent sulfuric 
acid solution is used as a blank. Best results have been obtained by the 
use of the Lumetron colorimeter (model 402-E) with the No. 420 mono- 
chromatic filter. The Evelyn colorimeter with the No. 420 filter gives 
satisfactory results. The Klett colorimeter is not suited to this deter- 
mination. Once formed, the color is stable indefinitely, provided the 
xanthydrol was properly recrystallized and the wash solutions correctly 
made. The presence of a precipitate which floats to the top or one which 
exists as a fine suspension in the final sulfuric acid solution indicates 
that the above conditions have not been met. This precipitate results 
in the gradual deepening of color formation over hours and makes the 
colorimetric readings unreliable. It seems to occur more readily when 
the time for precipitation of dixanthylurea has been extended over 24 
hours or when old solutions of xanthydrol are used, and is probably due 
to the formation of xanthydrol polymers which are relatively insoluble 
in methyl alcohol and in sulfuric acid. With more assiduous stirring 
during the washing this material can often be gotten into solution. 

The method may be standardized in the conventional manner by running 
a series of known concentrations of urea and calculating the regression 
curve or by determining a known sample with each set of unknowns. 

Color Measurement—Both xanthydrol and dixanthylurea develop a 
yellow color on the addition of 50 per cent sulfuric acid. With the Beck- 
man spectrophotometer, absorption spectra have been determined on 
solutions of xanthydrol and dixanthylurea in 50 per cent sulfuric acid. 
Identical curves were obtained for the two compounds, with a peak 
at 375 my and a flattening out of the curve at 400 to 440 my (Fig. 1). 
Gibbs et al. (7) described a similar curve for xanthydrol in sulfuric acid 
but with an additional peak at 265 my. These authors made no studies 
of dixanthylurea. The nature of the colored compound formed on addition 
of sulfuric and other strong mineral acids to xanthydrol is not definitely 
known, although it has been suggested that they are in the nature of 
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xanthylium salts (8). In view of the identical absorption curves jp 
sulfuric acid of xanthydrol and dixanthylurea the possibility suggests 
itself that dixanthylurea may be split to 2 molecules of xanthydrol jp 
sulfuric acid and the same xanthylium salt formed. No studies wey 
carried out to investigate this possibility. Nevertheless, the identity 
of the final color development of the two compounds emphasizes the 
importance of the careful washing out of xanthydrol, if reproducible 
results are to be obtained. 

From the absorption spectrum it would appear that a filter near 375 
mu would be best suited for the determination. With the 365 my mono- 
chromatic filter supplied with the Lumetron colorimeter, it was found 
that the sensitivity was so great that accuracy was lost. A range of 
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Fic. 1. Absorption spectra (in my) of xanthydrol (broken line) and dixanthylures 
(solid line) in 50 per cent sulfuric acid. 


from 0.5 to 2.5 y of urea nitrogen covered the entire span of the galvano- 
meter in the area where a reasonable degree of accuracy of the instrument 
might be anticipated. Because of this small range and the technical 
difficulties in accurately washing and recovering these small precipitates, 
the use of this filter is not practical. 

With the 390 mu monochromatic filter and a 10 ml. final dilution, re 
producible results can be obtained in a range of 2 to 25 y of urea nitrogen. 
A linear relationship exists between the concentration of urea nitrogel 
and the density, but the curve does not transect the horizontal axis at 
the origin. With the 420 my filter, both on the Lumetron and the Evelyn 
colorimeters, a straight line is obtained, going through the origin (Fig. 2). 
This filter, which covers the range of the plateau in the absorption curve 
(Fig. 1), is recommended in preference to the 390 mu filter, which is nearer 
the absorption peak. Identical curves are obtained with urea or equiva 
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lent amounts of pure dixanthylurea, indicating that the precipitation 
of urea by xanthydrol is complete when carried out as herein described 
(Fig. 2). 

Accuracy and Recovery of Added Urea—Table I records the results of 
eight consecutive determinations from three filtrates on two samples 
of blood. The averages were 10.96 + 0.052 mg. per cent and 11.71 + 
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Fig. 2. The relationship of the density (2 — log G@) to the micrograms of urea nitro- 
gen and crystalline dixanthylurea in standard solutions, with the 420 and 390 my 
filters on the Lumetron model 402-E colorimeter. 


0.037 mg. per cent of urea nitrogen with a maximum error from the mean 
of 1.3 per cent and 1.6 per cent respectively. 

Recoveries of from 0.43 to 13.80 y of urea nitrogen were carried out 
by adding these known quantities of urea to blood and performing the 
analysis in the manner described above. The results are recorded in 
Table II. Recoveries of the order of 85 to 106 per cent were achieved, 
with an average of 97.5 per cent. 

Specificity of Method—Xanthydrol has been reported to react with 
a Variety of substances (4), but none occur naturally in the blood. Others, 
such as sulfonamides (9), the barbiturates (8), digitoxin (10), and phlor- 
hizin (10), may react with xanthydrol, but we have found that their 
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reaction products do not interfere with the analytical procedure for urea, 
as described above. The following substances have been tested and found 
not to interfere with the method: sulfanilamide, sodium sulfadiazine 
sulfamerazine, 2 sulfanylaminopyridine, sulfanilic acid, barbital, sodium 
pentobarbital, creatine, creatinine, uric acid, hippuric acid, procaine, 


TABLE [* 


Determination of Urea Nitrogen 


— . = 











Brachial artery Hepatic vein 
mg. per cent mg. per cent be 
10.85 11.64 
11.12 11.64 
11.12 11.90 
10.85 11.64 
11.12 11.64 
11.12 11.64 
10.85 11.90 
10.85 11.64 
Mean..............-.-. 10.96 + 0.052 11.71 + 0.037+ 


* We are indebted to Dr. J. V. Warren for obtaining the arterial and hepatic vein 
samples from a patient by the catheter technique. 
+ Standard deviation from the mean. 





TABLE II 
Recovery of Added Urea Nitrogen 





Pe, a Blood urea N N added N found N recovered Recovery 
Y Y Y Y per cent 

8 6.75 0.43 7.21 0.46 106 

6 6.75 2.12 8.55 1.80 85 

8 10.12 2.12 12.28 2.16 102 

8 6.75 4.25 10.90 4.15 98 

4 8.31 9.04 17.39 9.08 100 

4 8.31 13.80 21.20 12.89 4 
97.5 


Average 
digitonin, digitoxin, p-aminobenzoic acid, cocarboxylase, phlorhizin, 
thiouracil, alloxan, dl-citrulline, glycocyamine, guanidine, methylguanidine, 
semicarbazide, and urethane (ethyl carbamate). 

Thiourea reacted to form a white precipitate which was partially soluble 
in the wash solutions used and formed a yellow color on the addition 
of 50 per cent sulfuric acid, but yielded only about 50 per cent of the color 
per mg. of nitrogen, as did urea. 
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Allantoin, when in a concentration of greater than 1.5 mg. per ml., 

—_ reacted with xanthydrol under the conditions of this method to yield a 

— precipitate relatively insoluble in the methyl alcohol wash solutions. 

i 2 mg. of allantoin (708.8 y of nitrogen) reacted with xanthydrol and formed 
dium a yellow color on addition of 50 per cent sulfuric acid equivalent to 105.6 ‘ 


aine, | y of urea (49.3 y of nitrogen). Since blood levels of allantoin have been 
reported as ranging from 0.3 to 2.3 mg. per 100 ml. (0.1 to 0.8 mg. of nitro- 
gen) in various species (11), there should be no interference by this sub- 
— stance in the blood. 
DISCUSSION 
The xanthydrol method has the advantage of a high degree of specificity, 
simplicity, and accuracy for the determination of very small amounts of 
urea nitrogen. Since thiourea has been found to interfere with the 
method, the method should be used with caution when this drug is 
being used therapeutically or experimentally. Allantoin reacts only at 
high concentrations and then yields only 7 per cent of the color of dix- 
anthylurea per microgram of nitrogen. The method is particularly ap- 
am | plicable to the accurate determination of urea in the blood and body 
ie fluids of small animals and for the detection of small changes in urea 
vein nitrogen concentration. The method could be adapted readily to tissue 
analyses. 
SUMMARY 


A simple, accurate, and highly specific photometric method for the 
determination of small amounts of urea nitrogen is described. 

As little as 2 y of urea nitrogen can be determined and 0.5 y of nitrogen 
recovered when added to known solutions. 

Thiourea and allantoin are the only substances found to interfere with 
the method, but neither does so to a significant degree. 
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(From the Departments of Anatomy and Physiology, Cornell University 
Medical College, New York City) 


(Received for publication, October 24, 1946) 


An earlier publication (1) has directed attention to the observation that 
most tissues exhibit higher and more constant rates of respiration in 
vitro when suspended in serum rather than Ringer’s solution, and has noted 
that this effect is due largely to substances present in the ultrafiltrate of 
serum. It was further pointed out that serum bicarbonate is effective 
in this respect and accounts for approximately half of the activity of serum 
in enhancing the respiration of bone marrow and liver slices in vitro. The 
present communication reports an inquiry into the nature of the sub- 
stance or substances responsible for the residual activity of bicarbonate- 
free serum ultrafiltrate or its equivalent. This paper is a report of pro- 
gress rather than a complete solution of the problem, but the extent of the 
work accomplished and the necessity of discontinuing the studies at this 
stage make it desirable to summarize the results so far obtained and to 
point out directions in which further investigations may be profitably 


pursued. 


Methods 


Certain special methods of investigation will be described below; at- 
tention is now directed to those procedures which are common to all the 
studies. In each experiment a comparison is made between the rate of 
respiration of the tissue suspended in Ringer’s solution! and that in the test 
medium which is a prepared fraction of serum ultrafiltrate. The measure- 
ments are made in triplicate by the usual Warburg technique. With 
bicarbonate-free serum ultrafiltrate, the respiration is usually 20 to 30 per 
cent higher than in Ringer’s solution (1), though the magnitude of this 
effect varies considerably in individual experiments. Two tissues, rabbit 
bone marrow and guinea pig liver, have been used throughout these studies; 
the variations referred to occur with both types of tissue and appear to 
depend on the individual animal employed rather than on species or tissue 
differences. On the whole, however, the results with guinea pig liver 

* This work was aided by a grant from the John and Mary R. Markle Foundation. 


t Present address, Commonwealth Fund, 41 East 57th Street, New York. 
' See (2) for the composition of the particular Ringer’s solution employed. 
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have been rather more consistent and the effect of serum ultrafiltrat, 
greater than with rabbit bone marrow or rat liver; guinea pig liver hg 
accordingly been used in most of the experiments. The animals are gl. 
lowed food ad libitum and are killed by a blow on the head and cutting the 
throat; the liver is delivered into iced Ringer’s solution and sliced with g 
razor blade by hand. All solutions are buffered with m/150 phosphate 
buffer at pH 7.4. No substrate is added, since added glucose is without 
effect on liver respiration (3, 4); the question of the possible effect of the 
lactic acid contained in the ultrafiltrate will be considered below. 

In preparing the various serum fractions for testing, the following pro- 
cedures are employed. The solutions are first freed of bicarbonate by 
boiling at pH 5 or below, experiments having shown that the materia] 
effective in enhancing tissue respiration is heat-stable; it withstands auto. 
claving for 30 minutes in either acid or alkaline medium (pH 2 to 12) butjs 
inactivated by ashing. A chloride analysis is then made by the method 
of Sendroy as modified by Van Slyke and Hiller (5), and the chloride con- 
centration is adjusted to 900 mg. per cent by adding the requisite amount 
of NaCl. If potassium and calcium ions have been removed during the 
preparation of the solution, these are also added in the amounts required 
to equal their concentration in the Ringer’s solution. Finally, the pH 
is adjusted to 7.4 after adding phosphate buffer to a final concentration of 
M/150. The resulting solution has accordingly the same inorganic ion 
composition as the Ringer’s solution with which it is compared. 

During approximately the first half of these studies, the starting material 
was horse serum ultrafiltrate obtained by forcing the sterile serum through 
a cellophane membrane under 30 pounds per sq. in. air pressure. This 
procedure was carried out in a refrigerator to maintain the sterility of the 
solution, the apparatus having previously been autoclaved. Human, 
rabbit, and dog serum have been employed, with no notable difference 
in the results; horse serum was used routinely as a matter of convenience. 
In the later experiments, in which relatively large amounts of starting 
material have been required, the ultrafiltrate has been replaced by a fil- 
trate of serum deproteinized by boiling at pH 6.0 to 6.4. The serum was 
first diluted with an equal volume of water to prevent coagulation, and the 
excess water was then removed from the filtrates by evaporation. As 
first prepared, such solutions were not completely protein-free, but became 
so during subsequent stages of treatment, as will be described below. This 
material has been found to be entirely equivalent to ultrafiltrate as r- 
gards its effect on tissue respiration, and will be referred to as ultrafiltrate 
in the following discussion. 

The serum ultrafiltrates have been subjected to four types of procedures, 
ether extraction, electrophoresis, ion exchange treatment, and mercury 
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precipitation. The results obtained in each instance will be described in 
the following sections. 

Ether Extraction—The use of this procedure was suggested by the ex- 
periments of Muus and Hardenbergh (6), who found that lymph from 
normal calves and particularly from those subjected to experimental burns 
contains substances which enhance the respiration of rat liver slices, and 
that this material is extractable with acid ether. They employed phos- 
phorie acid to acidify the lymph previous to extraction, but we have found 
hydrochloric acid to be more satisfactory. In the experiments now to 
be described, ultrafiltrates were adjusted to various pH values and ex- 
tracted with ethy! ether for from 6 to 20 hours with an apparatus in which 
the ether was refluxed and made to flow continuously through the ultra- 
filtrate. Distilled water was then added to the ether extract in an amount 
equal to, or less than, the volume of ultrafiltrate extracted. The ether 
was then boiled off, forcing the dissolved material into the water solution. 
It is best to boil for about 15 to 20 minutes at a pH near neutral. The 
resulting solution is usually a cloudy white; if the ether extract is evapo- 
rated to dryness before adding the water, considerable activity is lost. 
It is apparently not necessary to take precautions against oxidation during 
these procedures, for the use of peroxide-free ether, evaporation in a stream 
of nitrogen, and even treatment with bromine water have not influenced 
the results. The residues are treated in the same way as the ether ex- 
tracts, except, of course, that it is necessary to add the Ringer’s salts to 
the latter, as described above. 

Reference to Table I reveals that in the marrow experiments the activity 
is almost entirely in the acid ether extracts. The single experiment with 
guinea pig liver is rather exceptional, both in regard to the high activity of 
all the solutions and the 40 per cent activity? of the neutral extract. Fur- 
ther experience has shown that such high activities are but rarely obtained 
even with this tissue; the activity in the neutral extract has not been 
explored further. 

In considering the question whether all the activity of the ultrafiltrate 
is extractable with acid ether, it should be noted that the residues contain 
negligible activity (average 4 per cent). Whether or not some activity is 
lost in the process of extraction is not entirely clear from Table I. The 
last column shows that the extracts employed in these experiments were 
made up to a smaller volume than that of the original ultrafiltrate, and so 
are regarded as concentrated with respect to it. In separate experiments, 
however, in which varying concentrations of ultrafiltrate or extract were 
employed, the concentration-activity curve was found to be rather flat; 


* This term is used in the sense of meaning that respiration is 40 per cent higher in 
this solution than in Ringer’s solution. 
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reducing the concentration to 60 per cent only lowered activity to 76 per 


cent, and increasing the concentration to 2 or 5 times the original concep. | 


tration only increased activity 20 per cent. In view of these findings 


the data in Table I are interpreted as indicating, on the whole, but littl | 


loss of activity during the extraction procedure. Such loss as occurs jg 
probably attributable to failure of all the extracted material to go into 
water solution when the ether is boiled off, since the solutions, as noted 
above, are distinctly cloudy. It should also be noted that later exper. 
ments, with bone marrow as the test tissue, have shown that 48 hours ex. 
traction may be required in order to free the residue of activity. Petroleum 
ether, acetone, and alcohol-ether mixture have all been found to be inferior 


TaBLeE I 
Ether Extraction of Ultrafiltrates 








' 
| , : — 
Per cent increase in respiration 


compared with that in 





, Ultra- Ringer’s solution) | Concentration 
— Tissue filtrate —| “i aieen 
No prepara- : yr | wien i i 
— tion No. | Original eniennt Neutral | Alkaline seootiiens 
ultra- | ‘H extract | extract | “!traliltrate 
filtrate | 1 iF > 3) | (pH 6) | (pH 9) 
[Pena cae ee : “eo 
52 | Rabbit bone marrow s 25 | 19 5 > | ae 
53 ay ™ ™ Ss 30 16 } 3 1.5 X 
54 ss sta ai 9 19 18 0 | 2.4 xX 
55 si = si 9 19 34 3 2.4 X 
56 si i 10 20 13 4 2.0 X 
58 ‘i ei ‘ic 10 32 19 6 2.0 X 


57 Guinea pig liver 10 87 118 10 2.0 X 


to acid ethyl ether as extraction agents; extraction of lyophilized whole 
serum or ultrafiltrate is also not as satisfactory as extraction of the liquid 
ultrafiltrate. 

The experiments to this point are consistent with the view that the 
active material is of the nature of fatty acids in that it exhibits preferential 
solubility in acid ether. The fallacy of this view was exposed, however, 
when it was noted that the ether extracts always contained a few mil. of an 
aqueous layer, carried over from the ultrafiltrate during the prolonged 
continuous extraction with ether, and attributable, apparently, to the 
slight but significant solubility of water in ether. When the two layers 
were separated and the activities tested at concentrations equivalent to 
that of the original ultrafiltrate, it was found that most of the activity 
resides in the aqueous layer (Table II). Indeed, if the ether extract is 
repeatedly shaken with small portions of water, which are then added to 
the original water layer, all the activity is removed from it, leaving 
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material which, in fact, depressed rather than enhanced respiration (see 
the last two experiments of Table II). 

Consideration of those substances present in serum ultrafiltrates which 
might behave in this way drew attention to the non-lipoidal acid compo- 
nents. Of these, lactic acid is present in highest concentration, and analy- 
ses by the method of Barker and Summerson (7) disclosed its presence in 
large amounts in most of the active preparations. There was no clear 
correlation, however, between the lactic acid content and the activity of 
the preparations, and occasionally active solutions were obtained in which, 
for obscure reasons, only very small amounts of lactic acid were present. 
Tests with added lactic acid showed that this substance could not be 
entirely responsible for the activity of the preparations, since in the con- 


TABLE II 
Distribution of Activity between Acid Ether Extract and Water 











Per cent increase in respiration over that in 
Ringer's solution 








—=— — - Ether extract 
Original DE SLANE ne 
eee Water layer Ether layer 
64 Rabbit bone marrow 45 22 11 
66 i : a 18 17 + 
O4 Guinea pig liver 41 28 25 
96 = = - 19 32 13 
192 = ‘a xa 14 13 —11* 
194 sf s “sy 11 27 —13* 


* These ether extracts were repeatedly washed with water and the washings added 
to the original water layer. 


centrations present in the various ultrafiltrate fractions it enhanced the 
respiration of marrow or liver at the most about 10 per cent, and usually 
less than this under the conditions of our test. Further evidence was 
sought, however, to eliminate lactate clearly as the main source of activity 
of the preparations; electrophoresis experiments were accordingly carried 
out, partly with this objective in mind. 

Electrophoresis—The apparatus consisted of three cells of about 2 ml. 
capacity separated by cintered glass partitions and connected laterally 
with vessels of about 300 ml. capacity containing platinum electrodes. 
This unit was immersed in a water bath maintained at 25°. In the first 
experiments, bicarbonate-free ultrafiltrate was placed in the central cell 
and the remainder of the apparatus filled with 0.05 m phosphate buffer 
(pH6.8). A current with a gradient of 5.9 volts per cm. was passed linearly 
through the three cells for approximately 90 minutes. The cell contents 
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were then tested for activity, after the inorganic ion balance and pH wa 
adjusted as described above; guinea pig liver was the test tissue. The 
activity of the ultrafiltrate in the center cell, which was initially 38 per 
cent, fell to 8 per cent as the result of this treatment, and was recovered jp 
the anodal cell, the contents of which augmented respiration 36 per cent, 
No activity was found in the cathodal cell. With this demonstration that 
the active material carries a negative charge, the ultrafiltrate was placed 
in the cathodal cell in subsequent experiments and its migration to the 
anodal cell followed. Although changes in pH due to the high salt content 
of the ultrafiltrate prevented the precise measurement of mobility, it 
became clear that the active material has a higher mobility than that of 
lactic acid, for as the maximum activity migrated from the cathodal to the 
anodal cell, the maximum lactate concentration lagged one cell behind. 
This was true whether the starting material was ultrafiltrate or an acid 
ether extract of ultrafiltrate. With this demonstration, the electrophoresis 
experiments were discontinued in favor of the ion exchange experiments 
now to be described. 

Ion Exchange Experiments—Since inorganic salts make up such a large 
fraction of the dry weight of serum ultrafiltrates, it was the principal 
purpose of these experiments to determine whether these could be r- 
moved without inactivating the active material. Two columns, 2 em. 
in diameter and 70 cm. long, were accordingly charged, respectively, with 
the cation exchanger Amberlite IR-100 and the anion exchanger IR-! 
The ultrafiltrate (100 ml.) was diluted with 9 volumes of water and passed 
successively through the two columns, which were then washed with 3 
liters of distilled water. This extensive washing was found necessary in 
order to recover the active material, which otherwise remains largely in 
the IR-4 (anion exchange) column. Whether it could be more effectively 
eluted by an agent other than distilled water was not determined. The 
excess water was removed from the effluent by vacuum distillation; the 
effluent was then acidified, boiled to insure removal of bicarbonate, and 
aliquots were tested for their effect on liver and marrow respiration after re- 
adding the requisite Ringer’s salts and buffer. Most, if not all, of the 
original activity of the ultrafiltrates was recovered in the effluent, following 
this procedure. Furthermore, since the material was now essentially 
salt-free, it could be concentrated to any desired degree before testing its 
activity in enhancing tissue respiration. Fig. 1 shows the result of such 
an experiment; increasing the concentration to about 4 times that of the 
original ultrafiltrate approximately doubled the activity. It was also 
found that the activity present in the demineralized ultrafiltrate is com- 


*Obtainable from The Resinous Products and Chemical Company, 225 West 
Washington Square, Philadelphia. 
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letely extractable with acid ether, so that the activity in acid ether extract 
of ultrafiltrate and in demineralized ultrafiltrate is apparently attributable 
to the same acidic substance. That this is not lactic acid is further borne 
out by the finding that the demineralization procedure removes from 20 
to 80 per cent of the lactate without affecting the activity of the prepa- 
ration. Before discussing further possibilities as to the nature of the active 
material, it is desirable to consider its behavior with respect to treatment 
with mercuric sulfate. 

Mercurie Sulfate Treatment—In the experiments of Muus and Harden- 
bergh already cited (6) it was noted that the material in lymph ultrafiltrate 
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Fig. 1. Activity of serum ultrafiltrate after passing through ion exchange columns. 
The relationship between the concentration of the solution and its effect in enhancing 
the respiration of guinea pig liver slices is shown. 


which enhances rat liver respiration is at least partially precipitable with 
mercuric acetate. We have used mercuric sulfate rather than the acetate 
salt because of the ease with which the anion may be removed with barium. 
The pH at which the precipitation is carried out has been carefully con- 
trolled, since this has been found to be of critical importance. On addi- 
tion of the mercuric sulfate, the pH falls to about 2 and is then raised to 6 
to6.5 by addition of barium hydroxide. The solution is stirred mechanically 
for several hours, filtered, and freed of barium ions by the addition of dilute 
sulfurie acid, avoiding an excess of the latter. This filtrate is referred to 
in the following discussion as “acid mercury filtrate,” and the first four 
experiments of Table III show that there is no loss of activity in ultra- 
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filtrates subjected to this procedure. As expected, the precipitate, de. 
composed with hydrogen sulfide and dissolved in Ringer’s solution, js 
completely inactive. Removal of this inactive material, however, jg 
useful procedure, particularly when applied to filtrates of heat-denatured 
serum, for they are thereby freed of the traces of protein they contain 
and thus become entirely comparable to similar filtrates of serum J. 
trafiltrate. Since the former filtrate may be readily obtained in large 
TaB_e III 
Mercuric Sulfate Treatment of Ultrafiltrates 


The test tissue is guinea pig liver. The figures show per cent increase in regpirg. 
tion over that in Ringer’s solution. 


Original Acid mercury Alkaline mercury Alkaline mercury 
Experiment No. wee iltrate hltrate Precipitate? ; 
125 30 42 
126 28 30 
27 25 25 
128 22 22 18 
165 65 33 
166 24 3 
167 32 ] 
169 24 6 
170 12 S 17 
171 14 Y 36 
172A 57 37 0 
72B 27 18 
174 27 36 22 
175 32 27 21 
178 21 28t 
179A 33 12 


179B 19 21 


* See the text relative to the concentration of these solutions. 
t After this solution was passed through the ion exchange columns and further 
concentrated 2-fold, activity was increased to 43 per cent. 


quantity, it has been used as the starting material for many of the io 
exchange experiments already described. 

If a second mercury precipitation is now carried out at pH 8.5, a variable 
but usually considerable loss of activity occurs, as seen by comparing 
the activity figures in Columns 2 and 3 of Table III. Recovery of activity 
in the precipitate is indicated in Column 4. In these experiments the alks- 
line mercury precipitate was decomposed with hydrogen sulfide at pH 2, 
the solution filtered, boiled, and made up to a volume one-third or one 
fourth that of the original volume of filtrate. The relatively high activity 
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recovered is consequently due in part to the solution having been con- 
centrated 3- or 4-fold. Attention should be directed to Experiments 
172A and 172B and 179A and 179B in this series. In Experiments 172A 
and 179A there was complete or partial failure to obtain satisfactory activity 
in the alkaline mercury precipitate, whereupon, in Experiments 172B and 
179B, a second alkaline mercury treatment was carried out and satis- 
factory activity was recovered in the precipitate. Clearly, further at- 
tention should be given to defining the optimum conditions for securing 
active precipitates as well as ascertaining whether the acid mercury filtrate 
may be completely freed of activity by subsequent alkaline mercury treat- 
ment. At this stage, however, it is obvious that at least part of the active 
material is precipitated with alkaline mercury and that considerable activity 
can be recovered from the precipitate. 

Chemical analyses of the solutions prepared from these precipitates indi- 
eate that they contain from 3 to 50 mg. per cent of total nitrogen, about 
half of which is a-amino nitrogen, and only traces of lactic acid. This 
evidence further excludes lactic acid as the principal source of activity in 
the ultrafiltrates and raises the question whether amino acids may be 
implicated. Several of the active acid ether extracts and solutions which 
were passed through the ion exchange columns have also been analyzed 
for amino nitrogen by the chloramine-T manometric method (8). They 
all contain amino nitrogen, though in much smaller amounts (from 0.5 to 
2.5 mg. per cent). It should also be noted that in an ion exchange ex- 
periment 78 per cent of the amino nitrogen content of an acid mercury 
filtrate was removed without reducing the activity of the solution, and 
there is, in short, no clear correlation between the total a-amino nitrogen 
content of the solutions and their activity in enhancing respiration. This 
does not exclude the possibility that the activity is associated with the 
presence of small, perhaps catalytic, amounts of a particular amino acid, but 
no support for this view is afforded from experiments in which various 
naturally occurring amino acids have been added to liver slices (9). We 
suggest, as a working hypothesis for future experiments, that the principal 
active material is a dicarboxylic acid,‘ certain of which are known to act 
catalytically in metabolic cycles. However, the extent to which these 
substances occur in serum has not, to our knowledge, been clarified, and it 
would appear desirable to extend future investigations in this direction, 
employing both normal and pathological material. 

‘This suggestion does not include succinic acid, which is partially oxidized by 
most tissues to fumaric acid without liberation of CO.. This process would result in 
an augmented oxygen uptake with a low R.q., whereas the augmented respiration of 
bone marrow in serum has an R.Q. of about 0.96. (10). 
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SUMMARY 


The evidence presented above leads to the conclusion that the principal 
substance in bicarbonate-free ultrafiltrates which enhances the respiration 
of liver and bone marrow in vitro is an acid, more soluble in water than jp 
non-polar solvents, distinct from lactic acid, and capable of forming ay 
insoluble mercury salt in an alkaline but not in an acid medium. It js 
heat-stable and separable, by the use of ion exchange columns, from the 
inorganic® constituents of ultrafiltrate. The possibility of its being ap 
amino acid has not been entirely excluded but seems improbable, and the 
suggestion preferred is that it is a dicarboxylic acid, perhaps present jp 
catalytic amounts. More than one substance may, of course, be involved, 


The author is deeply indebted to Dr. Albert Plentl for carrying out the 
electrophoresis experiments and to both Dr. Plentl and Dr. William ¥. 
Summerson for helpful advice throughout these studies. 
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5 It is appreciated that the ion exchange columns may also remove certain 
organic compounds. 
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STUDIES ON PENICILLINASE 


I. THE PRODUCTION, PARTIAL PURIFICATION, AND PRACTICAL 
APPLICATION OF PENICILLINASE* 


By RILEY D. HOUSEWRIGHT anp RICHARD J. HENRY 
(From the Technical Laboratories of Camp Detrick, Frederick, Maryland) 


(Received for publication, September 20, 1946) 


The enzymatic inactivation of penicillin by penicillinase has been found 
to be useful clinically and commercially (1-6). The investigations re- 
ported in this series have led to the development of purely chemical methods 
for assays of penicillins and penicillinase (7). Additional information 
has been obtained concerning the mechanism of natural and acquired 
resistance of organisms to penicillin and the applications of antipeni- 
cillinase for the protection of penicillin from enzyme inactivation.! 

Method of Assaying Penicillin and Penicillinase—Penicillin assays 
were performed by the tube dilution method of Rammelkamp (8) with 
the modifications indicated below. The medium used was phenol red 
dextrose broth (Difco), and all assays were performed in a total volume 
of 1.0 ml. Bacillus anthracis spores, 1000 per tube, served as the test 
organism. 

Penicillinase was assayed by the same method except that the series 
of tubes contained successive 2-fold dilutions of the enzyme and 10 Oxford 
units of commercial penicillin sodium (Pfizer, Lot 585C). Results were 
read on the basis of visible growth after 48 hours incubation at 37°. The 
titer was taken as the highest dilution of penicillinase allowing growth 
of the test organism. Statistical analysis of two experiments of fifteen 
replicates each indicated a dispersion of approximately +75 per cent 
(+2 standard deviations). Thus a single assay can be considered accu- 
rate to only +75 per cent. Assays run in replicate of course give narrower 
limits of confidence, the limits decreasing with increasing replication. 

Production of Penicillinase and Factors Influencing Its Yield—Two 
media were used for penicillinase production. One was a corn steep 
liquor medium (9),? and the other was termed the ‘“‘Casamino acid basal 
medium.”* 500 ml. flasks containing 125 ml. of medium were inoculated 

* With the technical assistance of A. S. Herring, P. Demchak, and J. Woodward. 

' Housewright, R. D., and Henry, R. J., J. Bact., in press. 

* Zn was omitted from the medium proposed by Raper et al, (9). 

* Per cent composition, Casamino acids (Difeo) 1.0, NaCl] 2.0, glucose 0.6, K,HPO, 
0.5, KH,PO, 0.4, CaCl.-2H,0 0.08, FeSO,-7H,0 0.001, MgSO,-7H,0 0.005, MnSO,-4H.O 
0.003; pH adjusted to 6.8 with NaOH; autoclaved at 15 pounds pressure for 20 min- 
utes. 
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with a Bacillus cereus (NRRL B-569)* spore suspension to give a concep. 
tration of 1000 per ml. (10), and incubated at 37° on an Internationg| 
shaking machine set at the slowest speed. 

By the addition of 1.0 gm. of CaCO, per flask the pH was maintained 
between the limits of 6.5 and 8.5. Consistently better yields were thy 
obtained. Yields were not altered appreciably by varying the incubatioy 
temperature between 20-37°. Production of the enzyme in Casamiy 
acid basal medium was not increased by the presence of yeast nuclei 
acid (added in excess of saturation), a mixture of vitamins,® or purines! 
The best and most consistent yields in the Casamino acid basal mediyp 
were obtained by the addition of 2 per cent NaCl, whereas 1 per cent Nat} 
had little effect and 5 per cent NaCl inhibited growth of the organism 
used in production. 

Very minute quantities of the enzyme were produced in the absene 
of penicillin. In studying the production of penicillinase and the effect 
of varying quantities of commercial penicillin sodium (Pfizer) added 
at various time intervals, nearly all of the possible combinations of the 
following were set up: (1) penicillin added 50, 100, 200, 400 units per ml. 
and (2) times of penicillin addition at 0 hour, at 0 hour and at 24 hours 


at 0 hour and at 24 hour intervals for 2 days, at 0 hour and at 24 hour inter. | 


vals for 3 days, at 24 hours, at 24 and 48 hours, and at 48 hours. The 
supernatant medium was assayed for penicillinase daily up to 9 days 
Considerable variability was observed in production resulting from 
the combinations of these variables. Maximum yields were obtained 
in corn steep medium when 200 units of penicillin per ml. of medium wer 
added initially and again after 24 hours incubation. The vield reached 
its peak at about 96 hours. In the Casamino acid medium, maximum 
yields were obtained upon addition of 200 penicillin units per ml. of medium 
initially and again at 24 hours, with a peak yield at about 120 hours 
The most potent crude penicillinase produced under optimal condition 
as outlined above assayed 1:8192 and was obtained in both media.’ 
After 96 or 120 hours incubation (depending on the medium used 
the cells and remaining CaCO; were separated from the medium by centri. 


‘Supplied by Dr. R. D. Coghill, Northern Regional Research Laboratory, Peors 
Illinois. 

§ Final concentrations in micrograms per ml., p-aminobenzoic acid 1.0, biotin 0.06 
thiamine 0.02, nicotinic acid 0.5, pantothenic acid 0.2, pyridoxine 0.4, riboflavin 0: 

61 ml. each of a saturated solution of adenine sulfate, guanine hydrochloride, a0 
xanthine per 100 ml. of medium. 

’ This penicillinase assayed 1400 units by the method devised by McQuarrie 
Liebmann (3). The MeQuarrie-Liebmann unit is defined as ‘that amount of enzym 
which, in 11 ml. of pH 7.0 solution containing 50 Oxford units of penicillin, will dest 
in 1 hour at 37°C. an amount of penicillin equal to 57.5% of the penicillin recovered# 


the control.’’ 
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ugation. The supernatant fluid thus obtained was termed “corn steep 
penicillinase, crude,” or ‘‘Casamino acid basal medium penicillinase, 
crude,” depending upon the medium used in production. Fritted glass 
filters were used for sterilization in all cases, since over 95 per cent of 
the activity was lost by filtration through asbestos type (Seitz) filters. 
Intracellular penicillinase could be demonstrated by grinding the cells 
according to the method proposed by Kalnitsky et al. (11) or by the acetone- 
ether method of Harper (1). Intracellular preparations never reached 
the potency of the extracellular preparations. 

Studies on Purification—Previous attempts to purify penicillinase by 
dialysis (3, 10, 12), protein precipitants (3, 12), and by adsorption and elu- 
tion (3) have met with varying success. 

Our experience with various purification procedures was as follows: 
Recoveries of 5 to 25 per cent were obtained after precipitation with 50 
per cent ethanol and with 50 and 75 per cent acetone.’ No precipitation 
was obtained with 35 per cent acetone. Less than 10 per cent activity 
was recovered following precipitation with saturated (NH,).SO, at pH 
5.0, 7.5, and 8.8. 

The enzyme was completely adsorbed onto norit A (5 per cent suspen- 
sion, pH 5.3) but none was eluted either by 2 per cent NaCl at pH 6.0 
or by 2 per cent phosphate butier at pH. 8.0. After adsorption onto alumina 
(90 mesh, 5 per cent suspension, pH 5.2), none was eluted by 2 per cent 
NaCl at pH.6.0. Following adsorption onto Filter-Cel (stirred for 2 hours 
in an ice bath), from 50 to 100 per cent activity was recovered by elution 
with 0.8 Nn NH,OH (pH 10.0). Penicillinase was found to be stable 
at 8° at pH 10.0 for periods as long as 3 months. 

Attempts at extraction and recovery of penicillinase by the chloro- 
form gel method (13) never yielded more than 10 per cent recovery. Peni- 
cillnase was found to be insoluble in ether at 25°. 

Dialysis of enzyme preparations against running tap water at room 
temperature or distilled water at 8° resulted in 50 per cent or greater 
loss of activity. No activity was demonstrated in the dialysate, and 
combination of the residue and dialysate failed to restore the original 
activity.® 

Practical Applications of Penicillinase—The crude penicillinase prep- 

* Reprecipitation by either of these agents was not possible in the absence of salt 
(2 per cent NaCl gave better results than either 0.5 or 10 per cent). The mixtures 
were kept at 8° for about 18 hours, during which time the precipitate flocculated. 

* One possible explanation for the disappearance of activity is that the enzyme is 
adsorbed onto the cellophane. Additional evidence that the enzyme would not pass 
through the cellophane membrane was obtained from the diffusion coefficient. An 
approximate molecular weight of 50,000 was obtained for penicillinase from the dif- 
fusion coefficient measured by the porous diaphragm method of Northrop and Anson 
(14) in which a fritted Pyrex glass membrane was used. 
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arations described above have been used in the recovery of Bacillus anthrg. 
cis from media and blood containing penicillin and from animals receiving 
penicillin therapy. 

After preliminary experiments in vitro, fourteen rabbits were inoculated 
intracutaneously with 1000 spores of Bacillus anthracis. 48 hours late 
the animals having positive blood cultures were given from 1500 to 400 
units of penicillin intravenously at 2 hour intervals for 12 hours. 2 mj, 
blood samples were drawn 10 to 15 minutes after the first penicillin injection 
and at hourly intervals for 8 hours. 1 ml. of each sample was mixed with 
0.1 ml. of penicillinase (assaying approximately 1:4096) and plated on Difco 
blood agar base medium. The remaining ml. was plated without addition 
of penicillinase. By using penicillimase, numerous organisms were rp. 
covered from the sample taken 10 to 15 minutes after the first injection, 
Decreasing numbers were recovered through 6 hours, but none was found 
at 8 hours. No growth was obtained from any sample plated without 
the addition of penicillinase. Penicillinase included in the media, added 
after the agar had cooled to about 45°, also was found to be effective. 
Four animals died before therapy was started; the remaining ten animal 
yielded essentially identical results. 


SUMMARY 


1. Penicillinase of high potency was produced from a strain of Bacillu 
cereus in corn steep medium and in a semisynthetic medium containing 
Casamino acids. The effects of addition of penicillin, time of harvest, 
temperature, pH, aeration, and addition of salts and growth factors m 
production were studied and the optimal conditions determined. 

2. Studies on the purification of penicillinase were carried out with proten 
precipitants and adsorbents. The most satisfactory results were obtained 
by adsorption onto Filter-Cel with subsequent elution. 

3. The efficacy of penicillinase in preventing false negative results 
in culturing bacteria contaminated by penicillin in blood or other fluid 
has been confirmed. 
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STUDIES ON PENICILLINASE 
Il. MANOMETRIC METHOD OF ASSAYING PENICILLINASE AND 
PENICILLIN, KINETICS OF THE PENICILLIN-PENICILLINASE 
REACTION, AND THE EFFECTS OF INHIBITORS 
ON PENICILLINASE* 


By RICHARD J. HENRY anv RILEY D. HOUSEWRIGHT 
(From the Technical Laboratories of Camp Detrick, Frederick, Maryland) 


(Received for publication, September 29, 1946) 


On alkaline hydrolysis, penicillins are converted into penicilloic acids 
(1). Penicillinase appears to bring about the same transformation, in 
which a carboxyl group of pK 4.7 is generated (2). Foster (3) allowed 
penicillinase to act on penicillin in bicarbonate buffer in the Warburg 
respirometer and observed the evolution of COs. 

Since such a reaction can be followed simply and with considerable 
accuracy, and since enzyme reaction velocities within certain limits are 
proportional to enzyme concentration, it was believed that a rapid and 
accurate assay for penicillinase, free of the numerous difficulties and 
inaccuracies of bioassay methods, could be developed by the manometric 
method. It was further considered that should the CO, be released in 
stoichiometric proportion to the amount of penicillin present a direct 
chemical method of assaying penicillin itself might be developed. Fur- 
thermore, such a method lends itself very readily to a study of the kinetics 
of the reaction. 


Materials and Methods 


Constant volume Warburg respirometers were used; the main space 
of the vessel contained 1 ml. of the enzyme solution to be assayed and 
3 ml. of sodium bicarbonate solution to give a total volume of 4 ml. The 
concentration of bicarbonate used depended on the pH desired and the 
per cent CO, of the gas mixture with which the system was equilibrated 
(4) (actual composition determined by gas analysis).! All experiments 
were carried out at pH 7.0 except where otherwise noted. In the side arm 
was placed 0.5 ml. of a penicillin-bicarbonate mixture, the bicarbonate 
concentration of which was the same as that existing in the main space. 
The manometers were shaken through a to and fro distance of 3 cm. at 
arate of 100 cycles per minute. Experiments showed that a rate of at 


* With the technical assistance of A. S. Herring, H. Clemons, and J. C. Hartley. 

' It was found that 5 per cent CO, in either 95 per cent QO, or 95 per cent Nz gave the 
same results. Thus the reaction is uninfluenced by the presence or absence of O:. 
The CO;-N, mixture was used throughout this investigation. 
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least 90 cycles per minute was required to give maximum CO, evolution 


from the reaction system. After equilibration with the gas mixture, the 


system was closed and readings taken until constant, at which time the 
penicillin from the side arm was tipped into the main space, allowing 
the reaction to begin. Blanks run without penicillinase evidenced po 
change in gas volume following admixture of the penicillin as long 4g 
the penicillin was dissolved in the same concentration of bicarbonate 
as Was present in the main space. 

Except where otherwise noted, the penicillin used was commercia] 
penicillin sodium, Pfizer, Lot 585C. 

Three different preparations of penicillinase, all produced by Bacilly 
cereus NRRL B-569? were employed: (1) corn steep penicillinase, crude: 
(2) corn steep penicillinase, alcohol- and acetone-precipitated, dialyzed: 
(3) “Casamino acid basal medium” penicillinase, crude (5). Unsteril 
preparations occasionally lost potency, apparently because of gross con- 
tamination. Many preparations were sterilized by filtering through 
sintered glass filters. Toluene, which could be used to keep down bac. 
terial multiplication, was found to have no deleterious effect on the enzyme, 

The bioassay method used for determining penicillinase activity js 
described in Paper I of this series (5). It is a tube dilution method in 
which Bacillus anthracis is the test organism. By statistical analysis 
this method has an experimental error on one single determination 
+75 per cent. By running replicates, the error of the estimate can be 
reduced considerably. With but few exceptions such bioassays wer 
performed in duplicate or triplicate and in some cases with as many # 
fifteen replicates. 

This method also was used for assaying penicillin. In this case, hov- 
ever, the penicillin is diluted 2-fold in series. 

Varying Enzyme Concentrations; Manometric Assay of Penicillinase— 
Fig. 1 shows the log of reaction rate (4), calculated on the basis of a zen 
order reaction, plotted against the log concentration of penicillinase m1 
arbitrary units from a typical experiment done at 36° with 5000 Oxford 
units of commercial penicillin sodium as substrate.’ 

The relationship is linear up to an enzyme concentration equivalent 
to and including penicillinase assaying 1:1024. At this concentratia 
the substrate begins to be saturated with enzyme, and the reaction rat 


2 Obtained from Dr. R. D. Coghill, Northern Regional Research Laboratory 
Peoria, Illinois. 

’ This type of experiment was run numerous times with crude penicillinase 
tained in the Casamino acid basal medium, crude penicillinase in corn steep medium 
and alcohol-precipitated, dialyzed penicillinase. In all cases the same results wet 
obtained. The commercial penicillin sodium used in these experiments was obtaine 
from Pfizer, Lot 585C, 817 Oxford units per mg., and Lot 86C. 
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reaches 2 maximum. Several experiments with concentrations of enzyme 
greater than that assaying 1:512, in which the evolution of CO, was read 
at 30 second intervals, indicated that the rate was still increasing with 
increasing enzyme concentration, but the increase was not linear and ap- 
proached @ maximum in the neighborhood of penicillinase assaying 1 :8192. 
The slope of the line in Fig. 1 is 1.00, and the slope is the same at 26°, 16°, 
and 6°. 

When penicillinase is added to penicillin in the Warburg flask, there 
is usually a lag period of 1 to 4 minutes before the rate of CO, evolution 
becomes constant. With 5000 units of penicillin as substrate the reaction 
is of zero order over approximately 80 to 90 per cent of the reaction, except 








3r 
2 
7 
2 
° 
Ss 
Ir 
0 ‘ l . l ‘ i 4 j 
e) ! 2 3 4 


LOG CONC. PENICILLINASE 


Fig.1. Penicillinase activity as a function of penicillinase concentration. Penicil- 
linase concentration expressed in arbitrary units. From left to right the points repre- 
sent penicillinase bioassaving 1:4, 1:16, 1:64, 1:256, 1:1024, and 1:4096. 


at low concentrations of enzyme at which it approaches a first order re- 
action. The activity in concentrations assaying between 1:4 and 1:512 
can be assayed directly. Below this range of concentrations the amount 
of CO, evolved in 1 or 2 hours is not considered sufficient for accurate 
assay. For penicillinase assaying 1:512 two or three readings at 5 minute 
intervals cover the complete reaction. For lower concentrations, the 
CO; evolution is measured at 5 or 10 minute intervals for 1 hour and, 
when an objective estimate of the reaction rate is desired, the slope of 
the straight portion of the line is determined by the method of least squares. 
The reaction rate thus determined is in terms of c.mm. of CO per minute. 

The precision of the method as determined from two experiments of 
ten replicates each is +9.6 per cent (+2 standard deviations). All of 
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the CO; evolved is “acid CO2;” 7.¢., is released from the bicarbonate buffer 
because of an increase in acid in the reaction system. This was determined 
in several experiments by adding excess sulfuric acid to the buffer system 
before and after reaction. The difference always equaled the COy released 
by the reaction within a very few per cent. Further evidence that the 
release of CO: paralleled the destruction of penicillin lay in the fact that 
after CO, evolution stopped in a system containing 5000 units of commer. 
cial penicillin sodium and penicillinase assaying 1:1024 (approximately 
40 minutes) more than 99.2 per cent of penicillin activity had been de. 
stroyed as determined by the bioassay method. It is true that in such a test 
the penicillinase activity cannot be stopped completely, but a dilution 
of 1:200 is made immediately for the bioassay, and this dilution of the 
enzyme would have a very slow rate of activity. 

Since commercial penicillin sodium is a mixture of uncertain composi- 
tion, the rates of enzyme activity at several enzyme concentrations on 
various pure penicillins were determined. The rate of reaction with 
penicillin G was arbitrarily designated as 1.0. The reaction rates with 
the other penicillins were adjusted in ratio to this arbitrary standard. 


These ratios are the k for any particular penicillin divided by the k for | 


penicillin G, and are recorded in Table I as “k ratios (penicillin G = 
1.0).”.. The results represent averages of at least six experiments. No 
significant difference was noted when penicillinase was assayed against 
the various penicillins by the tube dilution method with Bacillus anthracis 
as the test organism. This method, however, as previously show, is 
not very precise. 

The observation that penicillinase inactivates purified penicillin K at 
approximately the same rate as the other fractions rules out the poss- 
bility that the relatively low activity in vivo of penicillin K (6, 7) might 
be a result of its rapid destruction by penicillinase in vivo. 


Interfering Substances—Two types of interference were considered: 
naturally occurring specific activators and inhibitors, and substances | 
which could bring about erroneous results because of CO: retention. | 
Fe*** in concentrations of 5 and 50 y per ml. caused 25 and 95 per cent | 


inhibition of the reaction, respectively. Ca** in concentrations of 124 
and 25 y per ml. caused 30 and 65 per cent inhibition. Co*+, Mg*, 
and Mn** had no effect in concentrations up to 100 y perml. Cu**, Cu’, 
and Zn*++* caused a large release of CO. when the substrate was tipped 


in from the side arm as a result of their combination with bicarbonate | 


ion, and, therefore, their effects on the reaction could not be studied | 


No effect on penicillinase was observed with 5 X 10-? m methionine «| 


6.7 X 10° to 1.3 X 10° Mm dl-phenylalanine. 
No retention of CO2 was observed by crude corn steep filtrate, Casamin 
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acid basal medium filtrate, or ascitic fluid (50 per cent). Assay in the 
presence of horse serum (50 per cent), however, was low because of sig- 
nificant COz retention. This, of course, can be corrected for by running 
the necessary blanks (4). 


TABLE I 
nicillinase on Commercial Penicillin Sodium and Purified Penicillins 
€ 

















Commer- 
cial Penicillin Na | Penicillin Na Penicillin Na | Penicillin Na 
penicillin Ft Gi K x 
Na* 
k ratios (penicillin G = | 0.78 0.78 1.0 0.69)} 1.0 
1.0) 0.599 
CO: evolved per Oxford 0.032 0.037 0.038 0.0216}! 
unit 0.0309 0.064 
Calculated No. molecules 0.99 1.02 (0.58 1.72 
per unit x 1015 x 1015 « 1015)|| « 1015 
(0.81 
X 104)4 
Apparent mol. wt. 391 354 366** 409 
Theoretical mol. wt.tf 334.2 356.2 364.3 372.2 





* Chas. Pfizer and Company, Inc., Lot 585C, 817 Oxford units permg. Assuming 
only G and K penicillins present, differential assay indicated them to be present in 
approximately equal amounts (personal communication, Dr. F. J. Stock, Chas. 
Pfizer and Company). 

t Obtained from Dr. G. F. Cartland of The Upjohn Company, Lot Research 67- 
ERH-2, crystalline, approximately 1500 units per mg. 

t Obtained from Dr. R. D. Coghill of the Abbott Laboratories, Lot PP75-4 + 5C, 
analytically pure, standard Staphylococcus aureus assay 1667 units per mg. 

§ Obtained from Dr. A. F. Langlykke of the Northern Regional Research Labora- 
tory, NRRL Lot 1717-39-A, pure, Staphylococcus aureus assay 850 units per mg. 

Obtained from Dr. A. F. Langlykke of the Northern Regional Research Labora- 
tory, Lot 1818-42-A, Staphylococcus aureus NRRL B-313 cup plate assay approxi- 
mately 2635 units per mg. 

€ Obtained from Pfizer through Dr. C. J. Van Slyke of the National Institute of 
Health, United States Public Health Service, Lot 5/2/46, analytically pure, Oxford 
plate Staphylococcus aureus assay 2190 units per mg. 

** Average of two samples above. 

tt As calculated from empirical formulae in (1). 


Varying Substrate Concentration; Manometric Assay of Penicillin—In 
Fig. 2 two experiments at 36° with penicillinase assaying 1:256 are shown 
with the reaction rate k plotted against varying amounts of substrate 
(commercial penicillin sodium). This type of curve is typical of enzyme 
reactions in which the substrate concentration is varied. 

Since the total volume of CO: released is proportional to the amount 
of substrate, the procedure affords a chemical method of assaying peni- 
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cillin.# The precision with which this assay can be carried out is +46 hig 
per cent (+2 standard deviations, determined from 52 replicates, each cay 
with 5000 units of commercial penicillin sodium), a precision at least equal | 
to that of existing bioassay methods (9). For assaying penicillin, a highly pu 
active concentration of penicillinase is used so that the reaction goes tio 
to completion very rapidly. The minimum amount of penicillin which bri 
can be thus assayed is approximately 100 units per ml., although at such of 
low concentrations the precision is considerably less. 3 ml. of the peni- Th 
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Fic. 2. Penicillinase activity at various substrate concentrations. Abscissae, | of 1 
total units of penicillinin 4.5 ml. of reactionsystem. Results of two experiments. for 2 
cillin solution and 1 ml. of buffer are put in the main space of the Warburg "and 
vessel and 0.5 ml. of the enzyme solution in the side arm. Such ar thes 
action with the above amount of commercial penicillin sodium would sg 
release approximately 10¢c.mm. of CO». Below this amount the volumed | _ feren 
CO, liberated is too small to be measured with much precision. This penic 
method of assaying for penicillin is thus limited to solutions of relatively | ra 
‘ A chemical assay for penicillin based on alkalimetric titration of the acidity pro- stant 
duced by penicillinase inactivation of penicillin has been reported previously (8). assay 
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high concentration, and is further limited to solutions of low buffering 
capacity. 

The amount of CO, evolved per Oxford unit varied with the different 
purified penicillin fractions, as is shown in Table I.6 From this informa- 
tio and with the assumption that each newly formed carboxyl group 
brings about the release of 1 molecule of CO:, the number of molecules 
of the penicillin per Oxford unit and its molecular weight were calculated. 
The molecular weights for penicillims G and K thus calculated agree 
remarkably well with those recently published (1). The values for peni- 
cillin sodium F and penicillin sodium X show some discrepancy, but only 
two experiments were run with these penicillins because of the limited 
amounts available. 

It is to be noted also that differential analysis of the commercial peni- 
cillin sodium used indicated that it was composed of approximately equal 
amounts of penicillins G and K. If the values of c.mm. of CO, evolved 
per Oxford unit for penicillins G and K are averaged, each being given 
equal weight in the averaging, the value obtained is that found for the 
commercial penicillin. This immediately suggests the possibility that 
this type of analysis may be used in a differential assay of commercial 
mixtures made up largely of only two penicillins. 

Such a chemical method for assaying an antibiotic can be of value 
only if absolutely specific for the chemotherapeutically active component. 
To determing whether penicillinase is specific for penicillin and has no 
activity on the degradation product of penicillin resulting from thermal 
decomposition, a commercial penicillin solution of 20,000 units per ml. 
was heated at different temperatures for varying lengths of time and then 
assayed by the manometric technique and the tube dilution bioassay 
method. After being autoclaved at 121° for 30 minutes, the penicillin 
was completely decomposed, as assayed by both methods. When solu- 
tions were heated at 100° for 10 and 30 minutes, the decomposition was 
25 and 75 per cent respectively as estimated by both methods. A solution 
of 10,000 units per ml. of penicillin sodium G after being heated at 100° 
for 2 minutes showed 30 per cent decomposition by the manometric method 
and 50 per cent by bioassay. Thus, within the experimental error of 
these experiments, the penicillin inactivated by heat does not react with 


* Since the different penicillins result in different volumes of CO, given off and dif- 
ferent lots of commercial penicillin vary with respect to the relative amounts of these 
penicillins (6), this method for assaying penicillin is obviously invalid when penicillin 
solutions of different lots are compared. On the other hand, the same criticism holds 
for bioassay methods, since the relative potency of the various penicillins is not con- 
stant from organism to organism (7, 10, 11). A completely satisfactory and valid 
assay for penicillin can be devised only when each penicillin can be assayed in the 
presence of all the others. 











566 PENICILLINASE. II 


penicillinase in the Warburg system to give off CO. This does not rue 
out the possibility, however, of the existence of other penicillin degrada. 
tion products which, although chemotherapeutically inactive, might 
react with penicillinase to give off COs, or vice versa. 

It has been reported (12) that crude commercial penicillin preparations 
contain impurities which inhibit penicillinase, but these should only 
affect the rate of reaction and therefore would not interfere with the 
manometric assay of penicillin, since it depends on the total change in 
the reaction system and not on the rate of reaction. 

Effect of pH on Reaction Rate—Fig. 3 shows the results of one of six 
experiments on the effect of pH on the penicillin-penicillinase reaction, 
all of which agreed very well. In some of the other experiments points 
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Fig. 3. Effect of pH on penicillinase activity. 
Fic. 4. Effect of temperature on penicillinase activity. Curves A, B, C, D, and 
E represent respectively penicillinase bioassaying 1:512, 1:256, 1:128, 1:64, and 1:32. 


intermediate between pH 6.9 and pH 7.6 were included, revealing a rather 
flat plateau within this pH range, and suggesting an optimum in bicar- 
bonate buffer at approximately pH 7.2. This agrees very well with pr- 
vious reports (12, 13). 

Effect of Temperature on Reaction Rate—Reaction velocities were meat 
ured at 6°, 16°, 26°, 30°, 36°, and 46° with 5000 units of commercial peni- 
cillin sodium (Pfizer, Lot 585C) as substrate in the reaction system (I1III 
units per ml.). The penicillinase used was a crude preparation produced 
in Casamino acid basal medium and filtered through a sintered glass 
filter. As a check for enzyme inhibitors or activators in the preparation, 
1 ml. of crude enzyme solution, boiled for 5 minutes, was included in the 
reaction system containing unheated active enzyme. No difference was 
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observed in enzyme activity with or without this boiled enzyme prepara- 
tion. 

Fig. 4 shows the velocity of reaction of five different concentrations 
of enzyme plotted against the reciprocal of absolute temperature. Since 
the substrate concentration used was 1111 units of penicillin per ml., 
reactions were of zero order during most of the reaction. Observations 
of COz evolved were recorded every 10 minutes and the velocity constant 
for each experiment determined by the method of least squares. Each 
point in Fig. 4 represents one or the average of two to seven experiments 
(80 in all). 

The optimum is seen to occur at approximately 36°. This agrees well 
with previous reports on the optimal temperature as determined by bio- 
assay methods (2, 12). To obtain the best estimate of the temperature 
coefficient (Qi) of the reaction and the temperature velocity coefficient 
or “apparent activation energy” (uz), the slopes of the lines through obser- 
vations at 6°, 16°, and 26° were determined by the method of least squares. 
The weighted average of the five slopes is —0.162 + 0.016. This gives 
a value and limits for u of 7460 + 750 calories per mole, and a Qy» between 
6-16° and between 16-26° of approximately 1.56.6 It must be pointed 
out that such kinetic data may vary with pH and pressure (15), and there- 
fore these values probably are valid only for the conditions used in this 
investigation (pH 7.0, 1 atmosphere of pressure). 

An attempt was made to determine whether the heat inactivation at 
46° is reversible to any extent. The rate of CO, evolution was observed 
for 30 minutes to obtain the reaction rate at 46° and then the water bath 
temperature was changed to 36°. No increase in the reaction rate was 
observed, but it should be noted that the enzyme was exposed to the 
higher temperature for approximately 1 hour before reversal was attempted. 

Inactivation of penicillinase by exposure to temperatures of 50° and 
above has been reported previously (12). Representative data on heat 
denaturation at 60° and 100° of crude penicillinase produced in the Cas- 


* The variance of the experimental points (forty in number) about each of the five 
lines was computed and the five estimates compared by Bartlett’s x? test for homo- 
geneity of the variance (14). This test indicated heterogeneity and an examination 
of the data suggested that a few of the points at 26° on Curve C, Fig. 4, which in- 
explicably were considerably more dispersed from their average than any similar set 
of points, might be responsible for the heterogeneity. With these points omitted, 
the x? test indicated homogeneity of variance. An analysis of variance showed 
that the individual slopes agreed with each other within the sampling error. To 
obtain the best estimate of slope the five slopes were combined; similarly, the 
variances of the points about each line were combined to give a pooled variance. 
From these two statistics the standard error of the regression coefficient or slope was 
calculated. Limits given for the combined slope and u represent +2 standard errors. 
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amino acid basal medium are shown in Fig. 5 where log & is plotted againg 
time of exposure. Since active penicillinase concentration is directly 
proportional to the reaction rate of the enzyme action on penicillin, 
is an index of enzyme concentration. The reaction rates were determined 
manometrically. If heat denaturation of penicillinase is a first order 
reaction, as is heat denaturation of many proteins (16), the data in Fig.5 
should follow a straight line. The data obviously are not linear and jt 
was thought at first that this may be due to the presence of impurities 
in the enzyme preparation. The experiment was repeated with the same 
preparation after dialysis against distilled water. No increased tendency 
toward linearity was noted but the rates of heat denaturation were jn. 
creased in the dialyzed preparation. 


LOG 10K 








0 id 15 20 25 30 35 
MINUTES 


Fic. 5. Inactivation of penicillinase by heat. Activity of penicillinase, expressed 
as reaction velocity (4), after exposure to 60° and 100° for various lengths of time. 


Specificity of Enzyme Activity—To be of value a method of assay should 
be specific for the substance assayed. The manometric assay method 
depends on the formation of a carboxyl group from the ring carbonyl 
group in the penicillin molecule which is adjacent to a ring nitrogen (1). 
This particular configuration occurs also in certain purines, pyrimidines, 
and other naturally occurring substances. In two experiments peni- 
cillinase assaying 1:1024 was added to the stated concentrations of the 
following substances: xanthine 0.28 mg. per ml., adenine sulfate 0.011 
mg. per ml., guanine 0.11 mg. per ml., riboflavin 0.013 mg. per ml., sodium 
pyruvate 5.55 mg. per ml., uracil 1/9 saturated. In no case was theres 
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specific and certainly the presence of the above substances in solutions 
to be assayed for penicillinase or penicillin by the manometric method 
will not influence the results. 

Effects of Inhibitors on Penicillinase—Pepsin (U. S. P.) and papain 
activated by cysteine individually at pH 5.0 (37° for 6 hours) inactivated 
penicillinase 50 to 95 per cent as measured by the manometric assay and 
the bioassay. 

The following inhibitors had no effect on penicillinase activity as meas- 
ured by the manometric assay:’ 0.15 m sodium azide, 0.01 m potassium 
cyanide, 6 X 10-* m diethyl dithiocarbamate, 0.8 m ethyl urethane, 
8 X 10-*m sodium sulfadiazine, 0.2 m NaF, 0.5 m formaldehyde, 4.4 xX 10-% 





PER CENT ACTIVITY 


4 





“100 0 #00 +200 +300 +400 +500 600 70S 
OXIDATION-REDUCTION POTENTIAL (MV.) 

Fic. 6. Activity of penicillinase after exposure to oxidants and reductants. /, 
H; activated with platinized asbestos, 20 minutes exposure at room temperature; 2, 
0.5 m cysteine hydrochloride, 24 hours at room temperature; 3, 6.4 X 10-? m cysteine 
hydrochloride, 24 hours at room temperature; 4, 5 X 10-* m ascorbic acid + 10-5 mM 
CuS0O,, 30 minutes at room temperature, followed by exposure to catalase for 1 hour; 
§,6 X 10-* m diethy] dithiocarbamate, 1 hour at 36°; 6, 4.4 X 10-3 m thioglycolate 
sodium, 1 hour at 36°; 7, control, nothing added; 8,4.5 X 10-2 m iodoacetate, 1 hour 
at 36°; 9,6 X 10-3 m K,Fe(CN),, included in the bioassay tubes; 10, 0.44 m H,On, 
1 hour at room temperature, followed by exposure to catalase for 1 hour; 11,8.3 X 
10 I;, 1 hour at 8°; 12,8.3 X 10-2? I, Ll hour at 8°. 


M sodium thioglycolate, 10-* m sodium p-chloromercuribenzoate, 0.05 
iodoacetamide, 0.045 m sodium iodoacetate, 0.001 per cent yeast nucleic 
acid, 0.001 per cent thymonucleic acid,* 0.05 m ascorbic acid acid, 0.01 m 


7 Except where otherwise noted there was contact between the inhibitor and peni- 
cillinase for approximately 1 hour at 36° at pH 7.0 before penicillinase activity was 
measured by adding commercial penicillin sodium (final concentration of 1111 units 
perml.) tothe system. Activity was measured for at least 1 hour. 

* Desoxyribonucleic acid but not ribonucleic acid is capable of forming relatively 
stable complex salts with basic proteins (Weissman, N., and Grof, L. H., unpublished 
work). Since no inhibition of penicillinase activity was observed with either com- 
pound, it is probable that penicillinase is not a basic protein, although there is a 
possibility that sueh a complex may retain enzymatic activity. 
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ethanol, 8 X 10-* M acetone, and 3.4 X 10-* M amyl acetate. Potassium 
ferricyanide, 6 X 10~* m, had no effect as measured by the bioassay method, 

The stability of penicillinase at various oxidation-reduction potentials 
(measured by a Beckman pH-E, meter) was determined by exposing the 
enzyme to various reagents for 1 hour and then testing for activity by the 
bioassay method (Fig. 6). Hydrogen activated by platinized asbestos 
gave an EF, of —200 millivolts and completely destroyed penicillinage, 
Cysteine hydrochloride, 0.5 and 0.064 m, with potentials of 0 and +10 
millivolts respectively, inactivated penicillinase 75 and 50 per cent. This 
exposure lasted 24 hours, during which time the cysteine was oxidized 
to cystine. Penicillinase was stable from an EF, of +150 millivolts (ascorbic 
acid) to +600 millivolts (potassium ferricyanide). Hydrogen peroxide, 
0.44 m, gave an EF, of +660 millivolts and inactivated the enzyme 80 per 
cent. Before assaying, the peroxide was removed by catalase. Iodine, 
8.3 xX 10-* N, gave a potential of +720 millivolts, and during exposure 
for 1 hour at 8° completely inactivated the enzyme. 

The failure of azide, cyanide, and diethyl dithiocarbamate to inhibit 
penicillinase rather definitely indicates that it contains no iron or copper 
essential for activity nor does it require either of these ions in the function 
of an activator. It is also rather definite that the enzyme does not have 
free sulfhydryl groups essential for activity since none of the inhibitors 
of sulfhydryl enzymes (17) had any effect on penicillinase. Furthermore, 
nitroprusside tests, with and without guanidine denaturation, on various 
penicillinase preparations were all negative. The failure of formaldehyde 
to inactivate penicillinase indicates that free amino groups are not essen- 
tial for activity in this case (17). 


SUMMARY 


1. A chemical, manometric method of assaying penicillinase is described 
which is rapid, specific as far as is known, does not require sterile condi- 
tions, and has relatively high precision. 

2. A similar chemical, manometric method is also described for assaying 
penicillin, but it is limited to concentrations greater than 100 Oxford 
units per ml. and has certain other limitations. 

3. Penicillinase was shown to inactivate penicillins G and X with 
approximately equal rates of reaction, and penicillins F and K at somewhat 
slower rates. 

4. The molecular weights of penicillins F, G, K, and X as determined 
from data obtained agreed remarkably well with those previously pub- 
lished. 

5. The pH optimum of penicillinase at 36° was found to be approx- 
imately 7.2. 
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6. The temperature optimum of penicillinase at pH 7.0 was approx- 
imately 36°. 

7. The temperature coefficient of the reaction was calculated to be 
1.56 and the apparent activation energy 7460 + 750 calories per mole. 

8. Penicillinase was rather rapidly inactivated at temperatures of 


46° and above. 

9. Penicillinase manifested high specificity for the configuration of 
the basic penicillin molecule. The activity of penicillinase was checked 
against several compounds having chemical groupings similar to that 
grouping in penicillin which is attacked by penicillinase, and no reaction 
was observed. 

10. A study of the effects of various inhibitors on penicillinase activity 
indicated the following conclusions. (a) Penicillinase is not a copper 
or iron enzyme. (6) It is a protein or has a protein component essential 
for activity. (c) It is probably not a basic protein. (d) Neither free 
amino groups nor sulfhydryl groups are essential for enzymatic activity. 
(ec) It does not have an activator among the more common metallic 
ions. (f) It is fairly resistant to oxidation but susceptible to reduction, 
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THE EFFECT OF PYRIDOXINE ANALOGUES ON 
TRYPTOPHANE METABOLISM IN THE RAT 


By CURT C. PORTER, IRWIN CLARK, ann ROBERT H. SILBER 
(From the Merck Institute for Therapeutic Research, Rahway, New Jersey) 


(Received for publication, October 5, 1946) 


An analogue of pyridoxine, 2-methyl-4-methoxymethy]-3-hydroxy-5-hy- 
droxymethylpyridine! (methoxypyridoxine) has some vitamin activity in 
the rat (1), while another, 2,4-dimethy]-3-hydroxy-5-hydroxymethylpyri- 
dine! (desoxypyridoxine) has none (1, 2). Ott (3) has shown that the 
desoxy derivative exhibits immediate and potent antipyridoxine activity 
when fed to chicks, but with rats, large doses administered daily for con- 
siderable periods are necessary to demonstrate antivitamin activity.’ 

Most studies dealing with antivitamins (4) have utilized, as criteria 
of potency, bacterial growth and metabolism, growth, and deficiency 
symptoms in animals, and the effect upon isolated enzyme systems. 
An important method of approach, heretofore not stressed, is the deter- 
mination of the effect of vitamin analogues upon metabolic processes 
in intact animals. 

It is well known that pyridoxine plays a réle in tryptophane metab- 
olism. While kynurenic acid is a normal metabolite of tryptophane 
in some animals (5), kynurenine (6) and xanthurenic acid (7-9) have 
been detected in excreta only when the animals were deficient in pyridoxine. 

In this paper are reported the effects of the short term administration of 
desoxypyridoxine and methoxypyridoxine upon the urinary excretion of 
kynurenine and xanthurenic acid by the rat. Data on the excretion of a 
metabolite of pyridoxine, 4-pyridoxic acid, after the administration of 
these two pyridoxine analogues are also given. 


EXPERIMENTAL 


Three lots of male albino rats of the Carworth strain were maintained 
on three different diets (Table I). The animals which received the 
pyridoxine-deficient diet showed a decline in weight after about 20 days, 
but no other symptoms of deficiency were evident at this time or 10 days 
later when the animals were used. Groups of rats (Table IT) were housed 
in paraffined metabolism cages. A preliminary 18 hour fasting period 


' We are indebted to Dr. Malcom Brown, Dr. G. A. Stein, and Dr. John Weijlard of 
the Research Laboratories of Merck and Company, Inc., Rahway, New Jersey, for 
these materials. 

* Emerson, G. A., unpublished work. 
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TABLE | 
Composition of Diets and 
> iciliatama —winn 
Purified and pyridoxine-deficient diets Stock diet per 
per cent per cont hou 
Casein, vitamin-free, Labco 24 Yellow corn-meal 31 U 
Sucrose 60 Whole wheat (ground) 30 ce. 
Salt mixture, No. 1, U. S. P. XI 4 Casein (technical) 10 per 
Crisco 10 Soy bean meal 10 he 
Cod liver oil 2 Linseed oil meal 7 = 
____ Vitamin suplement or tio dit | Ataitamead ; 
mg. Sodium chloride 0.5 kK 
Thiamine chloride 10 Calcium carbonate 0.5 
Pyridoxine HCI* 10 | Mazola 3 | fror 
Riboflavin 20 Cod liver oil 1 wat 
Nicotinic acid 100 60 | 
Calcium pantothenate 100 to s 
Inositol = lect 
Choline chloride 1 mo! 
aa “ ee ee earn anne fia Pee aaa ee —=aat,.° CO thre 
* Omitted from the supplement for the pyridoxine-deficient diet. abl 
; 
as ¢ 
Tasie II | “ 
Dosing Schedule hn 
Tryptophane dose, 230 mg. of 1(—)-tryptophane in 2 ec. of dilute sodium hydrox- | — 
ide per animal. Pyridoxine and analogues, 1 mg. of the hydrochloride in 1 ee. of | unm 
water per animal. Tryptophane and pyridoxine or pyridoxine analogue were given | ext 
by stomach tube in combined doses. free 
es es 2 ., Deen + ane >i mr - aon all 150 
Group | No. of | Average Diet Dose | was 
No. animals weight > mie en ena. _ 
a and day 3rd day > aey com 
gm. | Fen 
1 4 241 Pyridoxine-deficient None » a | med 
2 4 238 ” P. P. F. sam 
3 4 238 " D. a. 2. 
4| 4 235 “ M. M. T. ap 
5 4 262 Purified None Zz. tatn 
6 4 263 " P. P.T. lr 
7 4 263 _ D. | ee 
8 4 263 “ M. M. T. *) 
9 | 2 274 | Stock None 7. T. (Van 
10 | 2 278 . P. ’.2 P.B.F.9 at 
11 2 276 oe D. oF. “ * 
12 2 264 ae M. M.T. M.P.T. = 
6 





P., pyridoxine; D., desoxypyridoxine; M., methoxypyridoxine; T., tryptophane. for C 
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and an ad libitum feeding period (1.5 hours) preceded a control urine 
collection period (22.5 hours). On succeeding days, a 1.5 hour feeding 
period, dosing by stomach tube (as indicated in Table 11), and a 22.5 
hour urine collection period followed in this order. 

Urine was collected under toluene, diluted with cage washings to 25 
ec. per animal, and filtered. Constant creatinine values (less than 10 
per cent fluctuation from day to day) attested to the completeness of 
the urine collections. 


Analytical Methods 


Kynurenine (10, 11) was determined on the washed HgSQ, precipitates 
from 5 ec. of the diluted urine. Each precipitate was transferred with 
water to a micro-Kjeldahl] distillation apparatus, treated with enough 
60 per cent NaOH to make the solution about 10 per cent, and subjected 
to steam distillation. Successive 40 cc. fractions of distillate were col- 
lected in 5 ec. portions of 0.025 n HCl until no further evolution of am- 
monia was evident. Usually it was necessary to collect no more than 
three fractions of the distillate. Kynurenine sulfate,’ isolated from 
rabbit urine according to the method of Kotake and Iwao (13), was used 
as a reference standard. About 88 per cent of the substance was re- 
covered from urine by this method. 

Xanthurenic acid was determined by a modification of the method 
described by Miller and Baumann (14). From 1 to 5 ce. of the diluted 
urine was acidified with 1 drop of concentrated HCI per ce. of urine and 
extracted once with 5 cc. of washed‘ isoamy! alcohol. The extract was 
freed from gross moisture with anhydrous Na.SQ,, treated with about 
150 mg. of solid NaHCO, and centrifuged. 1 to 3 ec. of the clear liquid 
was diluted to 7 ec. with 95 per cent ethanol and the blank color was 
compared with that of an isoamyl alcohol-ethanol mixture at 620 mu. 
Ferric chloride solution,’ 0.2 ce., was added and the color compared im- 
mediately with that of an isoamyl] alcohol-ethanol-FeCl; blank at the 
same wave-length. Up to 1 mg. of synthetic xanthurenic acid,® pre- 
pared according to the method of Musajo and Minchilli (15), was quanti- 
tatively recovered by this method. 

In the range of 0.007 to 0.3 mg. per cc., Beer’s law was applicable. 


*M.p. 195°. Caleulated for CioHi2N2O3-H2SO, (12), a-amino N, 4.57; found, N 
(Van Slyke ninhydrin method), 4.38, 4.38, N (as alkali-labile ammonia) , 4.62. 

* Washed thrice each with Nn NaOH, n HCI, and water. 

*5 per cent in absolute ethanol, treated with solid NaHCO, anhydrous Na,SO,, 
and filtered. The solution is stable indefinitely. 

* Repeated precipitation failed to raise the melting point above 250°. Calculated 
for CoH ;NO,, C 58.5, H 3.4, N 6.8; found, C 58.0, H 4.2, N 6.7, ash, 0.5. 
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With the Coleman universal spectrophotometer, model 11, and a 13 mm. 
sq. cuvette, the negative logarithm of the transmittancy (corrected for | | 














the blank reading) multiplied by 3.9 yielded the mg. of xanthurenie acid. du 
Pyridoxic Acid—The method of Huff and Perlzweig (16) for the deter. ret 
mination of 4-pyridoxic acid was used. Fluorescence-quenching sub. ac 
stances in the urine interfered seriously with the determinations, particu. wt 
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Fic. 1. Urinary excretion of kynurenine, xanthurenic acid, and pyridoxic acid by = 


rats receiving no extradietary tryptophane. The dotted lines represent control values . 
‘ ° 2 ——— inc 
obtained on the day before dosing. Cross-hatchings indicate the substance (other 


than tryptophane) given. See Fig. 2. 

€ 
larly when the urine was highly pigmented; i.e., after tryptophane | 
administration. In the latter case it was impossible to obtain reliable wit 
estimates of the amount of pyridoxic acid excreted. For the estimation | the 
of pyridoxic acid in lighter colored urine, we have read the fluorescence 
at several dilutions and employed an extrapolation figure at infinite adi 
dilution. By this method, added pyridoxic acid was recovered from SOI 
urine to the extent of 90 to 120 per cent, the smaller quantities giving a 
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the larger recoveries. 
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Results 
The data in Fig. 1 show that neither pyridoxine nor its analogues pro- 
duced a noticeable change in the excretion of kynurenine by animals 
receiving no more tryptophane than was present in the diet. Xanthurenic 
acid excretion by the pyridoxine-deficient animals was significantly greater 
when desoxypyridoxine was given, but in the normal animals only small 
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Fic. 2. Urinary excretion of kynurenine and xanthurenic acid by rats receiving 
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extradietary tryptophane. 


increases were produced. The administration of methoxypyridoxine 
tended to increase the excretion of xanthurenic acid by the animals on 
the stock diet. 

The data of Fig. 2 show that the administration of desoxypyridoxine 
with extradietary tryptophane consistently increased the excretion of 
the tryptophane metabolites, particularly in the deficient animals. 

The increase in excretion of kynurenine and xanthurenic acid after 
administration of methoxypyridoxine showed that this analogue exhibited 
some antipyridoxine activity in normal animals. On the other hand, 
the excretion of these metabolites was suppressed in deficient animals 
by the administration of this analogue. 
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It is shown in Fig. | that pyridoxic acid was excreted in larger quantities ir 
by the rats which received methoxypyridoxine or pyridoxine, and the | J 
pyridoxine-deficient rats excreted less than the normal animals. 





DISCUSSION 
P 

Although we have administered relatively large amounts of tryptophane re 
and desoxypyridoxine, it is none the less striking that a metabolic dys. e3 
function was produced immediately by this analogue. In view of the 
fact that with the same compound the typical deficiency symptoms are Dp 
difficult to produce, there must be other metabolic pathways, more crucial - 
to the welfare of the rat, which are resistant to interference by this anti- 
vitamin. It has been demonstrated (17, 18) that a derivative of pyn- cr 
doxine (pyridoxal phosphate) may function as a coenzyme in a-amino | pi 
acid decarboxylation and in transamination. Studies dealing with the | 
effect. of desoxypyridoxine on these processes are being conducted in this | of 
laboratory. ac 

From a practical view-point, the excretion of tryptophane metabolites | — jn 
offers a rapid method for screening compounds for antipyridoxine activity, 

As with other screening methods, however, the results should be viewed 
with caution, since derangement of tryptophane metabolism does not } 
seem to be responsible for the production of the complete pyridoxine 
deficiency syndrome. 

In the normal rats there is an indication that the methoxy compound I 
may have functioned as an antivitamin. However, since in pyridoxine- . 
deficient rats methoxypyridoxine acted similarly to pyridoxine, and 3 
since the administration of this analogue led to the increased excretion { 
of pyridoxie acid in the urine, it is apparent that in the rat the methyl 5 
ether linkage of methoxypyridoxine is subject to cleavage. It appears 
that only a part of the administered methoxy compound was converted 7 
to pyridoxine; consequently both vitamin and antivitamin effects were , 
observed, 9. 

SUMMARY 10. 

In short term experiments, it has been shown that: - 

1. Normal rats receiving 2,4-dimethyl-3-hydroxy-5-hydroxymethy- | jy 
pyridine (a desoxypyridoxine) along with tryptophane excreted more 
xanthurenic acid than did animals receiving tryptophane alone. In 13. 
rats partially depleted of pyridoxine, the increase in xanthurenic acid 4. 
excretion was more marked and occurred whether or not extradietary = 
tryptophane was given. 17. 

2. In both normal and mildly deficient rats the simultaneous adminis 18, 
tration of desoxypyridoxine and tryptophane produced a greater increas 
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in the excretion of kynurenine than did the administration of tryptophane 


alone. 

3. Mildly deficient animals given tryptophane and 2-methyl-4-methoxy- 
methyl-3-hydroxy-5-hydroxymethylpyridine (a methoxypyridoxine) ex- 
ereted less kynurenine and xanthurenic acid than did animals which 
received tryptophane alone. In normal animals, methoxypyridoxine 
exhibited some activity in the opposite direction. 

4. The administration of pyridoxine prevented the effects of desoxy- 
pyridoxine and methoxypyridoxine on the excretion of kynurenine and 
xanthurenic acid by rats on a stock diet dosed with tryptophane. 

5. 4-Pyridoxic acid, a metabolite of pyridoxine, was excreted in in- 
creased quantities by rats which received the methoxy compound or 
pyridoxine. 

6. It is concluded that desoxypyridoxine interferes with some phase 
of tryptophane metabolism, and that, while methoxypyridoxine may 
act similarly, cleavage of its ether linkage to yield pyridoxine occurs 

° 


in the rat. 


Thanks are due Mr. John Flanagan for technical assistance. 
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ELECTRICALLY ACTIVATED ERGOSTEROL (WHITTIER 
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The chemistry of the activation products of irradiated ergosterol has 
been studied by numerous investigators. These investigations have been 
reviewed in considerable detail by Brockmann (1) and by Rosenberg (2). 

No studies have heretofore been reported on the chemistry of ergosterol 
activated by other means than ultraviolet light; however, the extensive use 
of preparations containing ergosterol activated electrically by the Whittier 
process (3) has suggested the importance of a chemical study for the purpose 
of determining its composition. The conditions under which activation 
takes place in this process are such that the composition of the resulting 
product might be expected to differ from that produced by irradiation with 
ultraviolet light. 

A preliminary report by Mrazek, Novak, and Reed (4) indicates that er- 
tron' may be less toxic for rats than either vitamin D, or vitamin D3. The 
survival time of the rats was used as the criterion of toxicity. McChesney 
and Kocher (6), on the other hand, showed that the degree of hypercalcemia 
produced in rats by large doses of ertron was statistically indistinguishable 
from that produced by crystalline vitamin D,. On the basis of survival 
time, however, McChesney (7) confirmed the difference in toxicity for 
rats of vitamins D, and D; which was reported by Mrazek et al. 

In a recent report of a clinical comparison of ertron and irradiated 
ergosterol (8), differences in the toxicological and the pharmacological 
properties of the two products were described. A number of other clinical 
reports ((9), (10) pp. 180, 310, (11-16)) have also expressed the opinion that 
activated ergosterol by the Whittier process may have different toxicolo- 
gical and pharmacological properties than irradiated ergosterol. 

Little is known of the chemistry of the product resulting from the Whit- 
tier activation. The discussion of the chemistry of the Whittier product 
by Reed, Struck, and Steck ((10) pp. 30,31) is largely hypothetical. More 
recently, Horwitz and Joseph (17) have said of ergosterol activated by 
the Whittier process, ‘On the basis of data to be published in detail later, 


‘Ertron is a proprietary preparation, each capsule of which contains 5 mg. of 
ergosterol activated by the Whittier process having an antirachitic activity of 50,000 
U.S. P. units. It is not prepared by drying an ethereal solution of activated 
ergosterol on casein as has been stated elsewhere (5). 
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it may be said that this consists of a mixture of unactivated ergosterol, caleif. 
erol and fairly large proportions of a vitamer D which is not identifiable 
at present with any of the vitamers previously characterized by specific 
properties.” 

The chemical study of ergosterol activated by the Whittier process has 
been undertaken in this laboratory. The present report describes the 
findings of this research. 

Whittier Process 

In the Whittier process ergosterol is distilled at pressures below 1 mm, 
of mercury through a glass activation tube which is kept at a temperatur 
of approximately 260°. While the vapors are passing through this tube, 
they are subjected to a coaxial electrical current of relatively high voltage 
and low amperage. The vapors of the activated ergosterol are then con- 
densed in a receiving vessel which is chilled with dry ice. The dimensions 
of the activation tube, the distillation rate, the amperage, and the pressure 
are all standardized to give a uniform product. During the activation 
and the subsequent handling of the activated ergosterol, oxygen is rigidly 
excluded by means of a high vacuum, by keeping the material in an atmos 
phere of nitrogen or carbon dioxide, by incorporation into an oily vehicle, 
or, if the product is to be used for experimental purposes, by placing it ina 
solvent which is free of peroxides (18) and dissolved oxygen. 

While it is obvious that modifications in tube dimensions, amperage, 
etc., are possible, the method is not nearly as flexible as the method of 
irradiation with ultraviolet light. By varying the conditions and dur- 
tion of irradiation, the concentrations of most of the products of ultraviolet 
activation can be materially varied. Thus, if it is desired to isolate the 
ultimate end-products of the irradiation sequence, the irradiation can be 
continued until little but end-products remains. If the vitamin D is to be 
isolated, it is a relatively easy matter to irradiate under such conditions 
that the product, after removal of unchanged ergosterol, contains 50 per 
cent calciferol.2 In fact it is possible, although perhaps not commercially 
practical, to produce with the proper conditions of irradiation a product 
in which the calciferol content approaches 70 per cent (20). It is evident 
that the ability to increase the proportion of a given component in the 
irradiation product materially facilitates its isolation. In the Whittier 
process, on the other hand, variations in the distillation rate and in the 
other variables have a relatively small effect upon the vitamin D content 
of the product, except, of course, when the limits of the range in which 


? Askew et al. (19), for instance, in one experiment used for the isolation of ealeif- 
erol an ergosterol-free irradiation product having an antirachitic activity of 22,00 
1.U.permg. This corresponds toa calciferol content of 55 per cent. 
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activation will occur at all are approached. Thus, the vitamin D content 
obtained by the Whittier process after removal of the unchanged ergosterol 
seldom exceeds 35 per cent when estimated on the basis of 40 million U.S. P. 
units per gm. of pure vitamin D. 

While the relative inflexibility of the Whittier process may favor the 
production of a uniform product, it greatly increases the difficulty of the 
chemical study of its composition. 


Whittier Product 


The activated ergosterol as it is taken from the Whittier activation 
unit is a faintly yellowish white solid. This material can be mixed with 
crushed dry ice and ground in a mill. It was this finely divided activated 
ergosterol which served as the starting material for these studies. 

Ergosterol itself is much less soluble in all organic solvents than are its 
activation products. Thus, when the product of the Whittier process is 
ground and extracted with one of a number of organic solvents, the trans- 
formation products are dissolved, while the bulk of the unchanged ergosterol 
remains undissolved. The material which remains after the unchanged 
ergosterol has been removed will be referred to as the active resin in this 
report. 

The Whittier active resin, when free of solvents, is a hard and brittle, 
low melting, amorphous material which is glassy clear and of a pale amber 
color. It is insoluble in water but is surprisingly soluble in most organic 
solvents. Like the ultraviolet transformation products of ergosterol (21), 
the Whittier activation products are not precipitable with digitonin. It is 
not clear whether this is due entirely to molecular changes or is due partly 
to double compound formation. The formation of double compounds 
might prevent a component which normally forms an insoluble digitonide 
from being precipitated by digitonin; e.g., isopyrocalciferol, which forms 
an insoluble digitonide, cannot be separated from the pyrocalciferol- 
isopyrocalciferol double compound by means of digitonin (22). 


Chemical Studies 


The activated ergosterol used in these studies was taken directly from 
material produced in the routine commercial activation. All samples were 
prepared for chemical study in the following manner. The ground mixture 
of activated ergosterol and dry ice was freed of excess CO» and briefly 
refluxed with 5 parts of absolute methyl alcohol which had previously been 
boiled to remove dissolved oxygen. Solution of the activation products 
other than unchanged ergosterol was rapid. The mixture was then chilled 
several hours in an ice bath under an atmosphere of nitrogen, quickly 
filtered with suction, and the filter cake was washed with a minimum of 
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cold, boiled methyl aleohol. The amount of unchanged ergosterol repre. 
sented by the air-dried filter cake ran uniformly bet \wen 72 and 74 per cent 
of the weight of the starting material. 

Digitonin in boiled methyl aleohol was added to the combined filtrate 
and washings in the ratio of 6.2 gm. of digitonin to each liter of methy| 
alcohol used during the refluxing. The solution was warmed to 35-40? on 
a water bath. The solvent was then removed under reduced pressure jp 
the presence of nitrogen. 

A volume of either Skellysolve F or Skellysolve B which was equal to 
40 per cent or more of the volume of the extracting alcohol was added to 
the gummy residue. The mixture was allowed to stand under nitrogen 
with occasional shaking for several hours or until the next day. The aeti- 
vation products gradually dissolved, while the insoluble digitonin and 
digitonides accumulated as a finely divided sediment. 

The mixture was centrifuged and the supernatant liquid was evaporated 
to dryness under reduced pressure in the presence of nitrogen. The result- 
ing active resin was dried in a vacuum desiccator over P2O5. Although 
the active resin, when free of solvents, is hard and brittle, small amounts 
of residual solvent cause it to be a sticky material which froths voluminously 
under reduced pressure. The active resin, prepared in this manner, served 
as the starting material for all the isolation studies. It had an antirachitic 
potency of 12 to 15 million U.S. P. units of vitamin D per gm. 

Numerous determinations of absorption spectra have been made on the 
many fractions into which the active resin has been divided. These indi- 
cate that the active resin is a very complex mixture of a number of 
components. 

In this laboratory the following derivatives of the active resin have 
been prepared: the acetate, the allophanate, the 3 ,5-dinitrobenzoate, the 
2-methyl-3 ,5-dinitrobenzoate, the phenyl carbamate, the a-naphthy! 
carbamate, the tetraacety! glucoside, the maleic anhydride addition product, 
and the citraconic anhydride addition product. Of these the 3 ,5-dinitro- 


benzoate has proved to be of most value. Some preliminary work has also 


been done in an attempt to isolate components of the active resin as double 
compounds of purified cholesterol, a method which has been claimed to be 
of value in the isolation of vitamins D, and D; (23). This approach appears 
to have some promise. 

Because calciferol was crystallized from ergosterol irradiated with ultra- 


violet light as the 3 ,5-dinitrobenzoate with such relative ease (19, 24), the | 


Whittier active resin was converted to the 3,5-dinitrobenzoate in an effort 
to separate the vitamin D. A dinitrobenzoate crystallized readily from 
acetone solution. After purification, however, this proved to be the ester, 
not of a vitamin D, but of neoergosterol. 
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Since neoergosterol reacts slowly with digitonin to form an insoluble 
digitonide which is awsociated by extraction with cold benzene (25), the 
digitonide mixture as obtained above was extracted several times with cold 
benzene and the extracted material was converted to the 3 ,5-dinitrobenzo- 
ate. Neoergosteryl-3 ,5-dinitrobenzoate crystallized readily from a solu- 
tion of the reaction product in acetone. 

Neoergosterol has also been isolated as the dinitrobenzoate from the 
portions of the active resin which do not react with citraconic anhydride 
or with maleic anhydride. 

In several instances following the removal of the neoergosteryl dinitro- 
benzoate from the esters of the active resin, the dinitrobenzoates of 
neoergosterol and a second steroid crystallized together as mixed crystals. 
The two substances were separated after hydrolysis by fractional erys- 
tallization. 

Because of the small amounts of this second steroid which have been 
available, this compound has been incompletely characterized. It does 
not seem to have been previously described. We have tentatively termed 
it Steroid B. 

The isolation of a vitamin D from the active resin proved very elusive. 
A vitamin D dinitrobenzoate was finally crystallized after the mixed 
dinitrobenzoates of the active resin were subjected to chromatographic 
adsorption on activated alumina. The purification of the ester was unusu- 
ally difficult. The vitamin D proved to be ecalciferol, but less than one- 
third of the antirachitic activity could be accounted for by the quantity of 
crude ester which was isolated. 

Partial hydrolysis of the esters of dinitrobenzoic acid was found to take 
place on activated alumina columns. This occurred even though pre- 
cautions were taken to use dry solvents. In every instance in which 
calciferyl dinitrobenzoate was chromatographed, free calciferol could be 
crystallized from one of the fractions eluted from the column. 

The Kofler micro hot stage* was used during parts of this study for the 
determination of melting points. It has the advantage of allowing rapid 
determinations on very small amounts of materials and was useful especi- 
ally in following the purification of some substances. The micro melting 
point in the case of steroids does not always coincide with the capillary 
melting point, however. In two instances, ergosterol and 7-dehydro- 
cholesterol, the melting point by the micromethod was found to be lower 
than that determined by the capillary method. In the case of impure 
materials the micro melting point often was considerably higher than 
the capillary melting point, usually exhibiting a wide range between the 
softening point and complete melting. As the materials were purified, the 


* Arthur H. Thomas Company, Philadelphia. 
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capillary melting point frequently approached the micro melting point 
until the two coincided. 


EXPERIMENTAL 


Separation of Neoergosteryl-3 ,5-dinitrobenzoate—To 7.5 gm. of active 
resin in 15 ml. of dry pyridine were added 8.0 gm. of 3,5-dinitrobenzoy| 
chloride in 25 ml. of warm, dry pyridine. The reaction mixture was heated 
on a boiling water bath for 10 minutes, cooled, and poured into previously 
boiled water. The precipitated resinous material was repeatedly stirred 
with fresh additions of water until extremely viscous, rinsed with ethyl 
alcohol, and finally extracted with hot alcohol. The dark colored residue 
was dissolved in a minimum of acetone, chilled, and allowed to stand 
overnight. 

The mixture was centrifuged and the residue was freed of adhering tarry 
material by repeated suspension in cold acetone, centrifuging, and decant- 
ing until the supernatant liquid was colorless. 

The isolated dinitrobenzoate was recrystallized twice from a benzene- 
95 per cent ethyl alcohol mixture, yielding 0.2 gm. of crystals melting at 
219-220°.4 After two more recrystallizations from benzene-ethyl alcohol 
alternated with two recrystallizations from benzene-methy! alcohol mix- 
tures, the shiny, pale yellow platelets were dried at 84° in an Abderhal- 
den vacuum drier. The dried dinitrobenzoate melted at 221—222°. In. 
hoffen (26) has reported the melting point of neoergostery!-3 , 5-dinitro- 
benzoate to be 218+220°. 

Neoergosterol—F or hydrolysis 0.293 gm. of neoergostery! dinitrobenzoate 
was suspended in 95 per cent ethyl alcohol and refluxed with 1.3 ml. of 
3.75 ~ NaOH until hydrolysis was complete (about 10 minutes). The 
filtered reaction mixture was diluted with water. The precipitate, after 
being washed free of alkali with water, was recrystallized twice from 
absolute methyl alcohol. The neoergosterol crystallized in fine, white 
needles. After drying in a vacuum desiccator, the crystals (90 mg.) melted 
at 151-152°. An additional 45 mg. of neoergosterol melting 1° lower were 
obtained from the mother liquors. Neoergosterol has been reported to 
melt at 151—152° (26, 27) as well as about 2° higher (25, 28, 29). 

The absorption spectrum of the neoergosterol isolated from the active 
resin coincided qualitatively and quantitatively with that reported in the 
literature (26). The Liebermann-Burchard and the Rosenheim reactions 
were negative (25, 28). 

Neoergosteryl acetate, prepared by heating neoergosterol in acetic anhy- 
dride, was obtained as fine white crystals from acetone solution. After 


‘ All melting points reported as a part of this study are corrected. 
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drying over CaCl, in vacuo for 24 hours, it melted at 117-118°. After 7 
hours of additional drying at 84° in the Abderhalden vacuum drier the 
melting point of the acetate was found to be 122.5-123.5°. Windaus and 
Borgeaud (27) reported the melting point of neoergosteryl acetate to be 
116-117° after air drying and 122—123° after vacuum drying. Others have 
reported melting points of 119° (29), 123° (26), and 124° (28) for the acetate. 

Neoergosteryl acetate was converted to the 22,23-dibromo derivative by 
the procedure used by Bonstedt (25). The melting point of the delicate, 
white, needle-like crystals was 182-183° after vacuum drying. Values 
which have been reported for this derivative are 179-181° (26) and 183° 
(25). 

Steroid B—After the crystallization of the neoergosteryl ester from the 
mixed 3,5-dinitrobenzoates of the active resin, a yellowish white dini- 
trobenzoate could often be crystallized in small amounts. The same 
dinitrobenzoate was on occasion crystallized from the mother liquors 
obtained from the recrystallization of impure neoergostery! dinitrobenzoate. 
This material melted at 180—-190° and its properties and melting point 
could not be altered appreciably by fractional crystallization involving as 
many as forty recrystallizations from various solvents and solvent mixtures. 

This dinitrobenzoate was hydrolyzed by boiling 0.27 gm. of the ester in 
alcohol containing 1 ml. of 3.75N NaOH. Three crops of crystals varying 
in melting point from 109-112° were obtained from a solution of the free 
steroids in methyl alcohol. Fractional crystallization with 90 per cent 
methyl alcohol yielded some neoergosterol and about 70 mg. of an ap- 
parently pure substance melting at 103-103.5°. This Steroid B exhibited 
practically no ultraviolet absorption above 250 mu and only general 
absorption below 250 mu. Its purification could therefore be very readily 
followed spectrophotometrically. 

When Steroid B was allowed to react with benzoyl chloride in pyridine, a 
benzoate was obtained which tended to separate as an oil from most solvents. 
It was finally obtained from 95 per cent alcohol as feathery crystals which 
melted at 123-124°. The melting point, absorption spectrum, and Lieber- 
mann-Burchard reaction of Steroid B correspond to those of Suprasterol I 
(30). The Rosenheim reaction, however, is negative, whereas the supra- 
sterols give a modified Rosenheim reaction. The melting point of the 
benzoate also differs widely from that of Suprasterol I, which melts 
at 96° (30). 

Steroid B showed no antirachitic activity when assayed at the level of 
10,000 U.S. P. units per gm. 

Isolation of Calciferyl-3 ,5-dinitrobenzoate—The presence of small amounts 
of pyridine apparently inhibits the crystallization of calciferyl dinitro- 
benzoate from fractions of the mixed dinitrobenzoates of the active resin. 
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In the most satisfactory isolation of calciferol as the dinitrobenzoate, 4§ 
gm. of active resin assaying 15 million U.S. P. units of vitamin D per gm, 
were allowed to react with an equal weight of dinitrobenzoyl chloride in 
dry pyridine, as described above. After the precipitated esters were 
stirred repeatedly with water and warmed with ethyl alcohol, the dark 
residue was dissolved in benzene. The benzene solution was washed 
several times with water. This was followed by washings with dilute 
HCl, water, NazCO ; solution, and again several washings with water, 
The washed benzene solution was dried over Drierite under nitrogen, 

The dried and filtered benzene solution measured 400 ml. in volume. To 
this were added 200 ml. of Skellysolve B. This solution was passed through 
an adsorption column containing sufficient Alorco grade F-20 activated 
alumina (about 240 gm.) to remove all the dark brown color from the 
solution. The column was washed with a 2:1 benzene-Skellysolve B 
mixture until the washings were practically colorless. 

The combined filtrate and washings, consisting of a clear, amber-colored 
solution, were passed through a second column containing 150 gm. of 
activated alumina. This was washed as above and the combined filtrate 
and washings were evaporated to dryness under reduced pressure in the 
presence of nitrogen. The residue weighed 44 gm. It was dissolved ina 
small volume of boiled acetone, yielding a concentrated, orange-red solu- 
tion which was placed in the cold chest. 

Visible crystal nuclei had formed after 24 hours. After 48 hours a nice 
crop of crystals had accumulated. These were dissolved in hot acetone 
and the solution was cooled. A crop of fine, almost white crystals separated 
(mixed crystals of neoergosteryl and Steroid B dinitrobenzoates). They 
were removed by filtration and the mother liquor was rewarmed and allowed 
to crystallize. In 2 days there had crystallized clusters of very dense, 
sturdy, yellow calcifery] dinitrobenzoate as well as fine, light, nearly white 
crystals. By repeated agitation with ethyl alcohol and decantation 
through a filter, the light neoergosteryl-Steroid B dinitrobenzoate crystals 
could be largely removed. The remaining crude calciferyl dinitrobenzoate 
crystals, after drying in a vacuum desiccator, weighed 1.74 gm. They 
melted at 144-146° on the Kofler micro hot stage. 

During the course of the following month it was possible to obtain four 
additional crops of crude calciferyl dinitrobenzoate crystals from the first 
mother liquor. The melting points ranged from 141-143° to 144-146.5 
on the micro hot stage. The total yield of crude calcifery]-3 , 5-dinitro- 
benzoate was 7.5 gm. 

Purification of Calciferyl-3 ,5-dinitrobenzoate—All samples of calciferyl 
dinitrobenzoate upon examination under the microscope were found to 
contain appreciable quantities of the light colored mixed crystals. Al 
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though the contaminant crystallized to some extent at least as a different 
erystal species, its solubility was so similar to calciferyl dinitrobenzoate 
that it could not be completely removed by numerous recrystallizations. 
On the micro hot stage these crystals melted at about 190°. 

The calcifery] dinitrobenzoate was finally pugified as follows: 4 gm. 
of the calcifery! ester melting at 148-150° on the micro hot stage and at 
141-143° in a sealed capillary tube were recrystallized from acetone. The 
less dense crystals were removed from the bulk of the material by repeated 
swirling with ethyl alcohol, followed by decantation. When most of the 
lighter crystals had been removed, the material was once more recrystallized 
from acetone and the flotation procedure was again applied. This pro- 
cedure was repeated until most of the foreign material had been removed. 
The remaining calcifery! dinitrobenzoate weighed 3.6 gm. It melted at 
148-150° on the micro hot stage and at 146-147° in a sealed capillary. The 
3.6 gm. of calciferyl dinitrobenzoate were dissolved in a solvent mixture 
containing 300 ml. of dry Skellysolve B and 40 ml. of dry benzene. This 
solution was chromatographed on a 1.9 X 21.5 em. column of Alorco 
grade F-20 activated alumina (about 53 gm. of alumina). A narrow orange 
band appeared at the top, the remainder of the color (yellow) being ad- 
sorbed on the upper two-thirds of the alumina. The chromatogram was 
washed with 125 ml. of Skellysolve B, after which benzene was passed 
through the column. The benzene stripped the yellow color from the 
adsorbent, two narrow orange bands remaining near the top of the column. 
The eluted yellow component was contained in 40 ml. of benzene. 

The yellow benzene solution was concentrated and diluted with an equal 
volume of 95 per cent alcohol. Two crops of crystals totaling 1.9 gm. were 
obtained. They were combined and recrystallized from acetone, yielding 
1.6 gm. of bright, canary-vellow crystals. The vacuum-dried calcifery] 
dinitrobenzoate melted at 149-150° both in a sealed capillary and on the 
micro hot stage. [a]” = +92.6° (c = 1.015 in chloroform). Constants 
which have been reported for calciferyl dinitrobenzoate are m.p. 148-149° 
(19, 31); [a]? = +91.5° (CHCl;) (5). The rotation of calciferyl dinitro- 
benzoate is known to increase with a rise in temperature (32). 

Caleiferol—For hydrolysis, 1.29 gm. of calciferyl-3 ,5-dinitrobenzoate 
were refluxed with 15 ml. of previously boiled 5 per cent KOH in methyl 
alcohol for 20 minutes in an atmosphere of nitrogen. The thoroughly 
washed crystals recovered from the filtered hydrolysate were recrystallized 
from 20 ml. of methyl alcohol. The calciferol crystallized in beautiful 
clusters of fine, pure white needles. It was dried in vacuo first over CaCl, 
then over P.Os, giving a yield of dried, pure calciferol of 0.5 gm. 

The calciferol melted at 116-117.5° (sealed capillary); [a]? = +101° 
(c = 0.856 in ethanol); [a]%° = +46° (c = 1.65 in chloroform). Values 
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reported in the literature are m.p. 116-117° (5), 116° (unsharp) (39). 
[a]*! = +103° (alcohol) (31); [a]? = +48.2° (CHCl) (5). The rotation 


D 
of calciferol is known to decrease with a rise in temperature (32). 

The antirachitie activity of the isolated calciferol was over 40 million 
U.S. P. units pergm. I¢ exhibited the well known absorption maximum of 
ealciferol at 265 mu and had an E}%, of 490. This corresponds to 4 
molecular extinction coefficient of « = 19,400, which is somewhat higher 
than that reported by Huber, Ewing, and Kriger (33) but is within the 
range given by Anderson, Bacharach, and Smith (32) for numerous samples 
of ealciferol. 

DISCUSSION 

The production of neoergosterol during the activation of ergosterol by 
the Whittier process is noteworthy in that this is the first known instance of 
the transformation of ergosterol to neoergosterol in a single operation. 
Whether the ergosterol is first converted to biergostatrienol, as is the case 
in the usual method of preparation (27, 29), is a matter of conjecture. We 
have been unable to isolate this highly alcohol-insoluble dimer from either 


the active resin or from the recovered ergosterol. It is also of considerable 


interest to note that similar transformations, 7.e. demethylation with a | 


concomitant aromatization of a sterol ring, are not known to occur during 


the ultraviolet irradiation of ergosterol. 

The significance of neoergosterol in ergosterol activated by the Whittier 
process isbeing investigated. Neoergosterol is not antirachitie nor can it be 
activated by means of ultraviolet light (27). It is non-carcinogenie (34). 
Neoergosterol is very weakly estrogenic, but is more so than calciferol or 
ergosterol (35). 

Our knowledge of the chemical structure of Steroid B is limited. On the 
basis of its absorption spectrum, it probably no longer contains a conjugated 
double bond system. Its negative Rosenheim reaction adds credence to 
this conclusion (36). 

The amount of crude calciferyl dinitrobenzoate which it has been possible 


to isolate from ergosterol activated by the Whittier process accounts for | 


only about 30 per cent of the original vitamin D potency. The residual 


mixed dinitrobenzoates, after hydrolysis, still showed a high level of anti 


rachitic activity. The unisolated portion of the vitamin D, therefore, was 
not lost by destruction. Since Askew ef al. (19) were able to separate 
sufficient calciferyl dinitrobenzoate from irradiated ergosterol to account 
for essentially all of the vitamin D activity, the hypotheses of other 
((10) pp. 30, 31, (17)) that ergosterol activated by the Whittier proces 
contains a form of vitamin D other than calciferol are of interest. The 
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formation of such other forms by steric changes such as epimerization or by 
fragmentation of the side chain is conceivably possible. 


The authors are indebted to Martha Van Nostrand and her staff of the 
bioassay department and to Margaret P. Mockenhaupt of the analytical 
department for the numerous determinations of vitamin D potency and of 
ultraviolet absorption spectra which have been necessitated by this study. 


SUMMARY 


The activation of ergosterol by means of the Whittier process has been 


described. 

Neoergosterol, calciferol, and a third as yet unidentified steroid have 
been isolated from ergosterol activated by the Whittier process. 

Less than one-third of the antirachitic activity of the Whittier product 
could be accounted for on the basis of the amount of calciferol which it was 


possible to isolate. 
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THE IDENTIFICATION OF THREE MONONUCLEOTIDES 
FROM TOBACCO MOSAIC VIRUS NUCLEIC ACID* 


By C. E. SCHWERDT ann HUBERT 8. LORING 
From the Department of Chemistry and the School of Medicine, Stanford University, 
Californ ia) 


(Received for publication, October 17, 1946) 


The presence of a nucleic acid in purified preparations of tobacco mosaic 
virus has been reported by Stanley (1) and by Bawden and Pirie (2). A 
more detailed chemical investigation of the relatively pure, protein-free 
compound made by Loring (3) revealed its similarity in general properties 
to other ribonucleic acids. The purines, guanine and adenine, and the 
pyrimidine, cytosine, were is lated from its hydrolytic products and identi- 
fied. Uracil was not obtained as such, but a brucine salt was found which 
agreed in composition with dibrucine uridylate from yeast ribonucleic acid, 
but differed in solubility and optical activity. Further characterization 
was not possible because of the small amount of brucine salt isolated, and 
the conclusion was drawn tentatively that the two compounds were iso- 
meric rather than identical. 

A larger quantity of the virus nucleic acid has now become available for 
hydrolysis. The two pyrimidine nucleotides, uridylic and cytidylic acids, 
and guanylic acid were isolated either in pure form or as well characterized 
salts, and their identity established by comparison with similar pure com- 
pounds obtained from yeast ribonucleic acid. The results of decomposition 
point and mixed decomposition point determinations, of chemical analyses, 
and of specific rotation measurements show the three nucleotides of tobacco 
mosaic virus nucleic acid to be identical with the similar compounds found 
in yeast ribonucleic acid. It is thus established that the pentose nucleic 
acid of the tobacco mosaic virus, like yeast nucleic acid, is a ribonucleic acid. 


EXPERIMENTAL 


Preparation of Virus Nucleic Acid—The purified tobacco mosaic virus 
used for the preparation of the virus nucleic acid was obtained for the most 
part by treatment of the infectious juice with ammonium sulfate (4). The 
criterion of purity used was crystallization as typical, needle-like crystals. 
The virus protein was subjected to at least two such crystallizations before 
it was considered sufficiently pure for preparation of the virus nucleic acid. 
The procedure used was that of Johnson and Harkins (5), the final product 


*Taken from a thesis submitted by C. E. Schwerdt in partial fulfilment of the 
Tequirements for the degree of Doctor of Philosophy, Stanford University, 1946. 
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being washed with water, alcohol, and ether. It consisted of a slight) 
brownish amorphous powder. Approximately 8 gm. of nucleic acid we 
obtained from about 250 gm. of purified virus nucleoprotein.! 

Isolation of Brucine Uridylate and Diammonium Uridylate from Yeu 
Nucleic Acid—Because of the small amount of virus nucleic acid availah, 
preliminary experiments were carried out on the isolation of the nucleotid 
from a similar sample of yeast nucleic acid. A 5 gm. sample was hydp, 
lyzed and treated as given by Levene (6) for the preparation of the nuck 
otides. The ‘adenylic acid fraction” containing adenylic, cytidylie, » 
uridylic acids gave 3.1 gm. of air-dried lead salts. The preparation, afte 
decomposition and nine recrystallizations of the corresponding brucip 

salts, gave 0.57 gm. of air-dried dibrucine uridylate which, upon introductig 
into the melting point block at 160°, exhibited a gradual decompositig 
point over the range from 178-180° and gave a specific rotation of {q? 
= —57.7° asa 1 per cent solution in dry pyridine. As the decompositig; 
point and rotation of the pure compound under similar conditions have bes 
reported as 179-181° (7) and [a]** = —55.9° (8), it is evident that the pur 





compound had been obtained. 

A 0.5 gm. sample of the brucine uridylate was then converted to tk 
corresponding diammonium salt, as described by Levene (9). Two emp 
of the crystalline salt were obtained, totaling 76 mg. On recrystallizatie! 
from methy! alcohol about 10 mg. of air-dried product were secured, Whe! 
placed in the melting point block at 170° this decomposed at 184°, in agre| 
ment with the accepted value of 185° (9). It was evident, therefore, the 
if tobacco mosaic virus nucleic acid behaved similarly to yeast. nucleic acid 
sufficient amounts of at least one nucleotide could be obtained for definit 
characterization. 

Isolation of Ribonucleotides from Tobacco Mosaic Virus Nucleic Aci 
Uridylic Acid—About 7 gm. of the air-dried virus nucleic acid were br} 
drolyzed as described above. The “‘guanylic acid fraction’? was obtainel| 
from the filtered and norit-clarified hydrolysate by concentration of th 
solution in vacuo and precipitation with an equal volume of 98 per cet 
alcohol. The filtrate, consisting of the ‘“‘adenylic acid fraction” and ca 
taining adenylic, cytidylic, and uridylic acids, was treated with lead acetat 
to give 6.95 gm. of the corresponding lead salts. These were decompos'} 
with hydrogen sulfide and the brucine salts were prepared and recrysté 
lized nine times in the usual way. The yield was 1.32 gm. The produt 
gave a decomposition point of 179-180° and a specific rotation in pyridi 
ot [a]?4 = —55.5°, in agreement with the values mentioned above for yeas 
dibrucine uridylate. No depression of the decomposition point was note 


| The purified virus and nucleic acid were prepared in 1939 in Dr. W. M. Stanley! 
laboratory at The Rockefeller Institute for Medical Research, Princeton, New Jers 
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when this sample was mixed with that obtained by the same procedure 
from yeast nucleic acid. 

About 1.2 gm. of the above described brucine salt were converted to the 
diammonium salt. A yield of 200 mg. of air-dried crystalline salt was 
obtained with a decomposition point of 183-186° and a mixed decomposi- 
tion point of 183-184° with yeast diammonium uridylate. Recrystalliza- 
tion from aqueous methyl alcohol gave 122 mg. of salt with the same 
decomposition point and with a specific rotation of [a] *3 = +420.8° ina 2 
per cent aqueous solution in agreement with values found under the same 
conditions for pure diammonium uridylate from yeast nucleic acid. 

Virus Cytidylic Acid—The last six mother liquors of the nine recrystalli- 
zations of the “‘adenylic acid fraction” brucine nucleotides were pooled and 
evaporated to dryness in vacuo. The 1.72 gm. of salt obtained in this 
manner were freed of brucine with ammonia and converted to the lead salts, 
as described above. The solution of free nucleotide obtained upon the 
removal of lead with hydrogen sulfide was concentrated to « small volume 
and treated with an equal volume of hot 98 per cent alcohol. An amor- 
phous precipitate, which separated after the solution had stood for 24 
hours, was filtered and extracted with hot water. The cooled, filtered 
extract was pooled with the mother liquor and the solution concentrated 
under an air stream on a hot-plate. Again 1 volume of boiling alcohol was 
added, and the solution allowed to stand overnight. The crystalline 
product which separated from the solution weighed 122 mg. after being 
dried in air and gave a decomposition point of 225°. 

One recrystallization yielded 78 mg. of dry crystalline nucleotide, which 
decomposed at 234° when placed in the melting point block at 215° and 
gave a specific rotation in a 1 per cent aqueous solution of [a]!® = +44.7°. 
A micro-Dumas analysis of the compound gave 14.10 per cent nitrogen. 
The theoretical nitrogen content of yeast cytidylic acid is 13.00 per cent. 
A preparation of crystalline yeast cytidylic acid from yeast nucleic acid 
decomposed at 234° under similar conditions of heating and gave a specific 
rotation of [a]? = +46.8°. A mixture of yeast cytidylic acid and the 
virus nucleotide showed no depression of the decomposition point. 

Because the nitrogen content was slightly high, an attempt was made to 
obtain further purification by another recrystallization of the remaining 
40 mg. of virus cytidylic acid from 50 per cent alcohol. About 22 mg. of 
crystalline acid were obtained, which decomposed at 237°. The rest of the 
sample was analyzed by the micro-Dumas method and showed a nitrogen 
content of 12.43 per cent. A decomposition point of 230-233° and a spe- 
cific rotation of [a]? = +48.5° in a 1 per cent aqueous solution have been 
reported for cytidylic acid of yeast origin crystallized from 50 per cent 
alcohol (10). 

Virus Brucine Guanylate—The crude “ammonium guanylate fraction” 
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obtained from the virus nucleic acid hydrolysate was further purified }, 
reprecipitation from a 50 per cent alcoholic solution. The insoluble portig 
was converted to the lead salt and finally to the free nucleotide, Accordity 
to the procedure described above. After an unsuccessful attempt to pr! 
pare a crystalline trisodium salt of the nucleotide, its crystalline brucip 
salt was obtained. Three recrystallizations of this salt yielded 178 ny 
which sintered at 210° and decomposed at 219-222°. Crystalline yey 
dibrucine guanylate prepared in this laboratory showed the same decop, 
position point behavior as did also mixtures of the two salts under simils| 
conditions of heating. A micro-Dumas analysis of the compound gay! 
10.21 per cent nitrogen, as compared to the theory of 9.85 per cent. 


DISCUSSION 

Although it has often been assumed that all pentose nucleic acids, » 
gardless of origin, are ribonucleic acids, relatively conclusive evidence hy 
been offered only in the case of triticonucleic acid (11) and of that presey 
in the chick embryo (12). In both of these instances, the nucleotides we 
identified by isolation and analysis but not by an examination of the 
physical properties, and the analytical results could have been obtaing 
equally well from isomeric compounds. The data presented above repr 
sent the only instance in so far as the authors are aware in which the ribom/ 
cleotides have been identified by a comparison of their physical propertis 
as well as by analysis. As both purine and pyrimidine nucleotides frm 
yeast nucleic acid have been proved to be ribonucleotides, the prese 
results establish without question the ribonucleic acid nature of the t 
bacco mosaic virus nucleic acid. The earlier solubility data which iné 
cated that tobacco mosaic virus uridylic acid was isomeric rather the 
identical with yeast uridylic acid can probably be explained by the present 
of sufficient nucleotide impurity in the small quantity previously isolated: 
account for the anomalous solubility results. 

The fact that the nucleotides from yeast and virus nucleic acids 
identical suggests that the nucleic acids themselves may also be identied 
as has been stated for yeast and wheat germ nucleic acids (11, 13). Ty 
probable inhomogeneous nature of all nucleic acid preparations and th) 
differences in the respective particle sizes of yeast and virus nucleic ace 
(14, 15) make such conclusions unwarranted at present. This does 
exclude the possibility, which we feel, however, is unlikely, that the tv 
ribonucleic acids may be identical as they occur in their respective nucle 
proteins. 


SUMMARY 


The nucleic acid of tobacco mosaic virus was hydrolyzed and the mov) 
nucleotides separated by Levene’s method. The pyrimidine nucleotide 
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uridylic and cytidylic acids, were isolated and identified. The former was 
obtained as the brucine and diammonium salts, the latter as the free acid. 
Of the purine nucleotides, guanylic acid was isolated as the brucine salt and 


identified. 
On the basis of the several physical and chemical properties examined, 


it was concluded that each of the three nucleotides isolated from the virus 
nucleic acid is identical with its analogue from yeast ribonucleic acid. 
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THE AVAILABILITY OF VITAMIN Bs, IN YEAST AND LIVER 
FOR GROWTH OF SACCHAROMYCES CARLSBERGENSIS* 


By SAUL H. RUBIN, JACOB SCHEINER, ann ERICH HIRSCHBERG 


(From the Nutrition Laboratories, Hoffmann-La Roche, Inc., Nutley, New Jersey) 


(Received for publication, October 23, 1946) 


In the course of work leading to the identification of pyridoxal and 
pyridoxamine as members of the vitamin Bs complex (1, 2) and as com- 
ponents of the ‘“pseudopyridoxine” fraction found in natural sources 
(3, 4), Snell developed differential microbiological assays for pyridoxine, 
pyridoxal, and pyridoxamine (4, 5); total vitamin Bs was measured by 
the response of Saccharomyces carlsbergensis, pyridoxal with Lactobacillus 
casei, and pyridoxamine with Streptococcus faecalis (corrected for pyridoxal 
activity). These assay procedures seemed to account for essentially 
all the vitamin Be, in certain natural sources, such as yeast extract. In 
the case of liver extract, however, these differential assays yielded values 
for the pyridoxamine fraction which were higher than those for total 
vitamin Bs by Saccharomyces carlsbergensis. Snell (4) cautioned that 
these data did not exclude the possibility that other unknown substances 
might contribute a minor portion of the apparent vitamin Be activity 
of natural materials. Following the recommendation of Siegel, Melnick, 
and Oser (6), who found that strong acid hydrolysis was required for 
the liberation of pyridoxine from some biological materials, Snell (4) 
used 2 N H,SO, as an extractant. 

In a recent study of the multiple nature of vitamin Be, Melnick, 
Hochberg, Himes, and Oser (7) presented evidence for the presence in 
yeast of a fourth, acid-labile member. They found that extraction of 
yeast with 2 n H.SO, gave distinctly lower values for total vitamin B., 
the pyridoxal fraction, and the pyridoxamine fraction, than extraction 
with 0.055 n H,SO,, and attributed the lower values in the stronger acid 
to destruction of an unidentified acid-labile member of the complex, 
since studies of the known three forms had shown their stability in 2 N 
acid. Moreover, their summated values based upon assays for the indi- 
vidual known components were considerably higher than the total vitamin 
Bs values when either 2 n or 0.055 N H.SO, extraction was used. 

In a preliminary communication from this laboratory (8), evidence 
was presented to show that the lesser response of Saccharomyces carls- 


*Publication No. 84. 
Presented before the Division of Biological Chemistry at the 110th meeting of 
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bergensis to yeast extracted with 2 N acid (as compared with 0.055 y 
acid) is not due to destruction of an acid-labile member of the vitamiy 
Bs group, but rather to incomplete liberation of microbiologically active , 
vitamin Bs by the more concentrated acid during the usual time of extrge. 
tion. These findings are detailed in the present paper. 


EXPERIMENTAL 


Assay Procedures—The procedure of Atkin, Schultz, Williams, ang 
Frey (9) was used for the determination of total vitamin Bg activity, 
with a number of minor modifications. The test organism, Saccharomyey 


carlsbergensis 4228, was carried on wort agar rather than malt agar slants, | 


Sodium citrate buffer (90 gm. of sodium citrate and 20 gm. of citric aeid 
per liter) was used in place of potassium citrate buffer. Instead of adding 
the various vitamins separately, a vitamin solution containing all the 


required vitamins was prepared, sterilized, and kept in the refrigerator, | 


It contained 10 y per ml. of thiamine, 1 mg. per ml. of inositol, 100 , 
per ml. of calcium pantothenate, and 0.32 y per ml. of biotin. 5 ml. d| 
this vitamin solution were used per 100 ml. of double strength medium. 
Smaco vitamin-free casein was prepared either (1) according to U.S. P. 
directions (10) with the difference that a second treatment with 10 per | 
cent of Darco G-60 was carried out at pH 3, or (2) according to Snel 
and Rannefeld (5) with the difference that the hydrolysate was treated 
once at pH 3 and once at pH 7 with 10 per cent of Darco G-60. This | 
latter preparation gives lower blanks than the U. 8. P. preparation. 
The assays were set up in Evelyn test-tubes and read in an Evelyn 
photoelectric colorimeter with a filter at 660 mu to measure the growth 
of the yeast. The assay tubes were shaken for 18 hours in an Equipois 
shaker at a speed of 220 complete oscillations per minute; the shaker 
was set in a forced draft incubator room at 30°. The rate of shaking | 
deserves some comment; at appreciably higher speeds (about 280) the | 
contents of the tubes were thrown so violently as to wet the cotton plugs, | 
while at lower speeds (about 180) the growth curve was appreciably 
diminished because of the lesser agitation. | 
Assays with Lactobacillus casei and Streptococcus faecalis were carried 
out according to Snell and Rannefeld (5). The casein for these assay | 
media was prepared according to the second method outlined above 
for Saccharomyces carlsbergensis. Photochemical destruction of vitamil 
Bs was minimized in all assays, particularly at elevated temperatures 
by operating as much as possible in dark rooms illuminated with sent 
OA Wratten lights and by the liberal use of “low actinic” glassware. 
Extraction Conditions—Table I presents experiments on the effect @ 
extraction time, ratio, and pressure. The results show, in agreemell 
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with the conclusions of Atkin and coworkers (9), that 1 hour of auto- 
claving at a ratio of 1:1800 and a pressure of 20 pounds yields maximal 
values when 0.055 n H,SO, is the extractant.!. The importance of oper- 
ating at an actual pressure of 20 pounds should be emphasized. We 
have occasionally obtained lower values which could be ascribed to the 
fact that the steam pressure had not risen to 20 pounds. Therefore, 
although maximal values can be obtained by autoclaving for 1 hour at 
2 pounds in 0.055 n H,SO, (Table I), it is recommended that the time 
of autoclaving be routinely extended to 2 hours if rigid control of the 
pressure is not feasible. The data reported in our preliminary note 
(8) were obtained at 15 pounds pressure; consequently, the values for 
extraction with 0.055 n H.SO, were somewhat lower than those reported 
here at 20 pounds (compare Yeast A, Table II). The present data are 
therefore more nearly maximal. As a routine procedure for extracting 


TABLE I 


Effect of Extraction Time, Extraction Ratio, and Extraction Pressure on Liberation of 
Vitamin B, from Dried Brewers’ Yeast* When Extracted with 0.055 n H2SO, 








Time | Ratio Pressure Vitamin Bs found 
min. | lbs y per gm. 

30 1:1800 | 20 25 

60 | 1:1800 20 32 

60 1:1800 15 24 

60 1:100 20 28 

60 | 1:100 15 24 

Ars. | 

16 1:1800 | 20 32 








* Yeast A of Table II. 


all sorts of natural materials, Rabinowitz and Snell (11) have recently 
recommended autoclaving for 5 hours in 0.055 n HCl at a pressure of 
20 pounds. 

Growth Inhibition by Na,SO,—Although an extraction ratio of 1:1800 
appears most suitable, it should not be employed when 2 N H,SO, is the 
extractant, because the amounts of Na,SO, formed inhibit the growth 
of the organism. Fig. 1 shows the effect of the concentration of NaSO, 


_ in the assay tubes on the growth of Saccharomyces carlsbergensis in response 


to pyridoxine hydrochloride. The sulfate is formed during the adjust- 
ment to pH 5.2 after extraction. When 0.055 n H.SOQ, is used at a ratio 
of 1:1800, less than 5 mg. of Na.SO, per tube are produced in the pH 
adjustment, and no inhibition of growth occurs; however. if 2 N H,SO, is 


‘Maximal values were also obtained under these conditions when 0.055 n HCl was 
used as the extractant. 
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used at this extraction ratio, from 64 to 320 mg. of Na SO, per tube ap 
introduced in a typical assay series, so that about 50 per cent inhibiti, 
occurs in the top assay tube. Since the quantitative response to thi 
inhibitor varies slightly from day to day, a theoretical correction for th 
inhibition has not appeared practical. Therefore, all extractions with 
2 N H,SO, have been carried out at a ratio of 1:100. The error due t 
the smaller extraction ratio is less than would be incurred because ¢ 
the inhibitory effect of Na SQ. 
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APPARENT PYRIDOXINE ACTIVITY (9%) 
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Fic. 1. Effect of Na,SO, on the growth of Saccharomyces carlsbergensis in respons 
to pyridoxine hydrochloride. The symbols O and @ indicate points obtained i 
two separate experiments; the points indicated by ® were the same in both rum | 


Effect of pH of Extraction—When the extraction time is 1 hour, maxima 
liberation of vitamin B, from yeast occurs only within the relatively 
narrow pH range of 1.5 to 2.0, diminishing progressively above and belor 
these limits (Fig. 2). When yeast is extracted with 0.055 n H,SQ,& 
a ratio of 1:1800, as originally proposed by Atkin et al. (9), the pHd 
the extract runs 1.7 to 1.8, which is at the peak shown in Fig. 2. 

From the analytical point of view, these data define the most suitabl 
conditions fer the assay of vitamin Bs in yeast. Maximal values & 
obtained with Saccharomyces carlsbergensis only under strictly controll 
and limited experimental conditions. Variations in assays with tli 
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organism occur largely as a result of variations in extraction of vitamin 
B, from biological materials, owing to the sharply defined conditions 
of pH, extraction ratio, time, and pressure required for maximal libera- 
tion. Some of the lower results obtained by other investigators (7, 12) 
for the vitamin Bs content of dried brewers’ yeast may well be due to 
the critical limits of these experimental conditions. Many assays of 
pure pyridoxine in this laboratory have shown that the precision of the 
response of the test organism can be regularly obtained within limits of 
+2 per cent. Melnick et al. (7) have estimated the precision of assays 





APPARENT VITAMIN B, POTENCY 








rT TT" s:. e hS e 
pH OF EXTRACTING MEDIUM 

Fig. 2. Effect of pH of extraction on the vitamin Bg activity of dried brewers’ 
yeast (Yeast A, Table I1). 100 mg. samples were added to 170 ml. of H,O, the pH 
adjusted to the desired level in a Beckman pH meter (with the sodium electrode in 
the high alkaline region), and sufficient water added to obtain an extraction ratio 
of 1:1800. The 2 n H,SO, extract was prepared at 1:100. The samples were auto- 
claved for 1 hour at 20 pounds, 


of natural materials to fall routinely within 10 to 15 per cent. The over- 
all variation from run to run in the present experiments was +7 per 
cent in the case of three independent determinations of the average curve 
shown in Fig. 2. 

Effect of Successive Autoclavings at Various pH Levels on Liberation of 
Microbiological Activity—The foregoing data define the optimal pH values 
for release of microbiological activity during a single 1 hour autoclaving. 
Further experiments showed that the low values obtained at other pH 
levels, principally in 2 N H.SO, and 0.1 n NaOH, could be increased to 
maximal or near maximal values by autoclaving these extracts further 
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with 0.055 N H2SO,. Table II shows average comparative values obtainej 
with a number of dried brewers’ yeasts and several liver fractions. The 
yeasts were obtained from three different manufacturers and hence may 


be considered as representative of dried brewers’ yeasts. The liver | 


fractions were secured from one source. The possible effects of tregt. 


TABLE II 


Efficiency of Various Extraction Procedures in Rendering Vitamin Bg in Yeast ani 


Liver Available to Saccharomyces carlsbergensis (Strain 4228)* 
The results are expressed in micrograms per gm. 


{ 














| H2S0¢ NaOH 
| | 
Sample | Claraset | 0.055 N | on | 28 [ Oty 
| 2N followed | followed | ory | , followed 
by 0.055 nt . e mas 
YestA | 2 | 31 | 17 32 6 | 
“ B 39 19 38 | | 
“ C 38 «| «(9 31 | | 
- Dp 37§ 40 | 20 35 35 10 | 3 
« £E 17 ll 16 | 
“ F 15 7 13 
Liver 1:5 | 42 8 10 | 
« L 21 | 10 19 | | 
“1:20 51 34 55 | | 








* All extractions were carried out by autoclaving for 1 hour at 20 pounds. The | 


value for liver concentrate 1:20 is on the basis of dry weight (moisture content # 
per cent). 

t The incubation period was 60 hours at 40°. The treatment was carried out ac- 
cording to Atkin et al. (9) with the modification that a clarase suspension was pre- 
pared to contain 100 mg. per 5 ml. of H,O and sterilized by passage through a Seitz 
filter before addition to the sample. 

t The first extraction (in 2 nN H,SO, or 0.1 Nn NaOH) was at a ratio of 1:100. The 
cooled extract, adjusted to pH 5.2 and taken up to a definite volume, was filtered 
through a sintered glass filter to remove all solid residue. An aliquot of the filtrat 
was further autoclaved, with 0.055 n H.SO,, at an over-all extraction ratio of 1: 1900. | 

§ Rat bioassay on the whole yeast by the method of Clarke and Lechycka (13 
yielded 37 y per gm. for this yeast. The sample was fed together with the vitami 
supplement, and hence was not subject to the depressant effect of admixture with 
the ration recently described by Sarma et al. (14). 
ments employed in the preparation of these liver fractions on the state | 
of vitamin Bg in liver has not been investigated. 

In each case, extraction with 2 N acid for 1 hour yields a lower valtt 
for vitamin B, than does extraction with 0.055 N acid. However, whet 
an aliquot of the residue-free 2 N acid extract is further autoclaved i 
0.055 Nn acid, the value approaches the maximum obtained by diret 
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extraction at the optimal pH or by treatment with clarase.2 Since the 
2 n acid extracts were filtered through a sintered glass filter before further 
treatment, the increase in response of the test organism after the second 
hydrolysis cannot be attributed to further extraction of vitamin By, from 
the solid residue; direct assay of the residue showed no activity. Ex- 
traction with alkali yields a much lower value; further autoclaving of 
the residue-free NaOH extract in 0.055 nN H2SO, also raises the values 
to levels approaching those obtained under optimal pH conditions. The 
value obtained after further hydrolysis of alkaline extracts tends to be 
slightly lower than that obtained by further hydrolysis of 2 N acid extracts. 

Table III presents further data on the effect of various combinations 
of extraction procedures on the amount of vitamin Bg in yeast available 


TABLE III 


Effect of Various Extraction Procedures on Apparent Vitamin Bg in Dried 
Brewers’ Yeast (Saccharomyces carlsbergensis)* 





, | ad | ee 
Extraction in Followed by extraction in Apparent vitamin Be 





Y per gm. 

0.055 n H.SO, 31 
2 n H.SO, 28 

0.1 x NaOH 28 

2 n H,SO, 17 
0.055 n H.SO, 32 

0.1 x NaOH 14 

0.1 n NaOH 6 
0.055 x H.SO, 24 

2 n H,SO, | 15 





* Yeast A of Table II extracted for 1 hour at 20 pounds. 


for growth of Saccharomyces carlsbergensis. Once vitamin Bs has been 
liberated from the combined form by treatment with 0.055 n H,SO,, 
further autoclaving in 2 N acid or 0.1 N alkali does not cause any appre- 
ciable change in the response of the test organism. Likewise, the result 
obtained by extraction with 2 N acid is not lowered significantly by further 
treatment with 0.1 N alkali. If a 0.1 nN NaOH extract is autoclaved in 
2n acid, the assay value approaches that obtained by direct extraction 


*In our preliminary note (8), results were reported on the basis of treatment of 
yeast with crude clarase which had not been filtered (Seitz) before addition to the 
sample. The substitution of such a filtered clarase preparation has resulted in 
slightly lower and more reproducible values which agree well with corresponding 
values obtained by the Atkin procedure. We are obliged to Dr. L. Atkin for advice 
on this point. 
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in 2 n acid; if the second autoclaving is carried out in 0.055 N acid, maxim! 
values are approached. 

Prolonged Extraction with 2 n H,SO~—After 1 hour of autoclaving, the 
value corresponds to those previously shown for this veast (Fig. 3); during ) 
the first 8 hours of autoclaving, increasing amounts of vitamin By ap 
liberated and become available for growth of the microorganism. After 
8 hours of autoclaving in 2 N acid, a maximum is reached and the valy 
approaches that obtained by a 1 hour extraction of the yeast with 0.0% | 
nN acid. Rabinowitz and Snell (15) have observed the same phenomenon, | 

Experiments with Lactobacillus casei and Streptococcus faecalis—Tabk | 
IV presents comparative results obtained in this laboratory and by Melnick 
et al. (7) on the pyridoxal and pyridoxal phosphate content of dried | 
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brewers’ yeast. Our results show that pyridoxal, as measured by Laci| to 
bacillus casei, constitutes a minor portion of the total vitamin Beg activity | 

after extraction with 0.055 Nn, or 2 N, or 2 N followed by 0.055 n HSQ}| m™m 
In applying the differential assays to yeast extract, Snell (4) had estab} ex 
lished that after extraction with 2 n H.SO, only a small fraction of th, 8 


total vitamin B, activity may be attributed to pyridoxal, while most d| th 
the activity is due to pyridoxamine. In line with the demonstratia the 
that extraction with 0.055 n acid yields higher values for total vitamil| Pe 
Bs activity than with 2 n acid, Melnick et al. (7) compared the effect d} & 
these two extraction procedures on the response of Lactobacillus cam 2 
(see Table IV). In our data, the value obtained after extraction in 0.08 7 

ex 


n H.S0O,, 6.8 y per gm., is higher than with 2 n acid, 2.7 y per gm., but tht 
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increase in apparent activity is not as pronounced as that found by these 
authors. The estimate of the pyridoxal phosphate content of the yeast 
in terms of its codecarboxylase activity (Table IV) is also of the order 
of magnitude of 1 to 3 y per gm., calculated as pyridoxal. 

Considerable difficulties have been encountered in the performance of 
pyridoxamine assays with Streptococcus faecalis. Snell (4) has pointed 
out that this assay tends to be quite variable. We have, however, re- 
peatedly noted that, although the values for apparent pyridoxamine 
activity of yeast are generally higher than those for total vitamin Bs by 
Saccharomyces carisbergensis, no marked differences occurred in extracts 


TABLE IV 
Determinations of Pyridoxal and Pyridozal Phosphate in Dried Brewers’ Yeast 


| 





Pyridoxal content 








Substance measured Method of extraction 
| This paper | Melnick et al. (7) 
Y per gm. Y per gm. 
Pyridoxal* 2 Nn HSO, | 2.7 1.6- 2.8f 
2‘* * followed by 3.2 
0.055 n H.SO, 
0.055 n H.SO, 6.8 10 -14t 
Pyridoxal phosphate 0.1 nN NaOH 3.1f 
01" « } 1.35 








*Yeast D of Table II. Analyses were carried out according to Snell and Ranne- 
feld (5). 

t Range of three yeast samples. 

t Yeast B of Table II (this may be considered to have the same composition as 
Yeast D, since these are two lots of the same dried brewers’ yeast and show the same 
vitamin Bg content). 

§ Yeast A of Table II. These two results on yeasts A and B are calculated as 
pyridoxal. We are indebted to Dr. I. C. Gunsalus for these estimates of pyridoxal 
phosphate, which he carried out by measuring the codecarboxylase activity according 
to the procedure of Bellamy, Umbreit, and Gunsalus (16). 


made with 2 n, 0.055 Nn, or 2 N followed by 0.055 n H.SO,, when these 
extracts were assayed together against the same standard and with the 
same inoculum. In six trials with two cultures of Streptococcus faecalis, 
the average values for apparent pyridoxamine activity, calculated as 
the free base, were 45 + 4 (average deviation), 39 + 7, and 42 + 3 y 
per gm., respectively. Two recoveries of pyridoxamine added to 2 n H,SO, 
extracts of yeast were 109 and 111 per cent; one recovery from a 0.055 N 
H,SO, extract was 82 per cent. We have thus been unable to confirm the 
finding of Melnick et al. (7) that extracts of yeast made with 2 n H.SO, 
exhibit about one-third to one-half the pyridoxamine activity of extracts 
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prepared with 0.055 n H,SO,. The inference is that the elevated valyg 
for pyridoxamine are due to a stimulator which is not affected by diffe. 
ent concentrations of acid as is vitamin Bs. (Quantitative confirmatiq 
of these data and elucidation of their significance await a more satis | 
factory assay for pyridoxamine. 


DISCUSSION 


The available evidence (5, 7, 9) supports the view that, when extracs | 
of natural materials are suitably prepared, Saccharomyces carlsbergengi 
yields essentially the same value for total vitamin Bs as do bioassay 
with rats (cf. Table II). There is ample analytical evidence (6, 9, 17, 
18) that the members of the vitamin Bs group occur in natural materiak 
largely as constituent parts of more complex structures, which requir 
hydrolysis in order to yield full microbiological responses. Variox 
workers have not agreed, however, upon the exact manner of complete 
releasing the microbiologically active forms of vitamin Bs. The problen 
of choosing the correct conditions for this purpose has been unwitting)! 
complicated by the fact that the various methods of acid hydrolys 
proposed were limited to extraction times of 1 hour or less. Extractia 
with 2 n H,SO, for 30 minutes, proposed by Siegel et al. (6) and employei 
by Snell and Rannefeld (5) in the development of the differential assay, | 
has been shown by Melnick et al. (7) to yield low results even when th 
extraction time is extended to 1 hour. Extraction with 0.055 n HQ) 
for 1 hour has been chosen by Atkin ef al. (9) for most types of sample| 
but these authors found it necessary to increase the acid concentratia 
to 0.44 N in the case of wheat and wheat products. It is only very recent) 
(11) that longer periods of extraction have been studied and recommendet 

In the present study, it has been established (Fig. 2) that the pH « 
the extractant must be kept within the narrow limits of 1.5 to 2 in orde 
to obtain maximal assay values when the extraction time is limited t 
l hour. The main body of the data (Tables II and III) clearly indicates 
however, that the lower response of the test organism to extracts prepare) 
at other pH levels is due to the presence of vitamin Bg in liver and yeas 
largely in combined form. This combined form can be extracted fron} 
natural sources and split to some extent by 2 N acid with the usual |! 
hour) period of extraction, but it requires extended heating in 2 N adi) 
or heating in 0.055 n acid for 1 to 2 hours to achieve maximal or nei) 
maximal values. Alkali is capable of extracting the combined form @ 
vitamin B, from yeast, but not of liberating any appreciable amount é 
active vitamin B, from the combined form. 

The significantly lower values for total vitamin Bg, pyridoxal, a 
pyridoxamine obtained by Melnick et al. (7) in extracting yeast wil 
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2 x H.SO, compared with 0.055 n H.SO,, coupled with the considerably 
higher levels obtained for pyridoxamine with Streptococcus faecalis com- 
pared with the total vitamin Bs content as determined by Saccharomyces 
carlsbergensis, led these authors to assume the existence of a fourth member 
of the vitamin Bs group. The data presented in this paper provide con- 
siderable evidence against this view. The results obtained by Melnick 
et al. (7) in support of the acid lability of this postulated fourth factor 
have been shown to be due to differences in the rate of liberation of vitamin 
B, in a form available to Saccharomyces carlsbergensis under various 
conditions of extraction. Concerning availability to Lactobacillus casei 
and Streptococcus faecalis, we have been unable to confirm the marked 
differences shown by Melnick et al. (7) between the values obtained after 
extraction with 2 N H.SO, and with 0.055 n H.SO,. The results obtained 
with Streptococcus faecalis must be reexamined, however, when a more 
satisfactory assay method becomes available. 

Rabinowitz and Snell (11, 15) have recently presented data on the 
microbiological activity and hydrolysis of pyridoxal phosphate, which 
provide a possible explanation for many of the analytical effects described 
here. They found that pyridoxal phosphate is only 3 to 10 per cent as 
active in promoting growth of Saccharomyces carlsbergensis, Lactobacillus 
casei, Streptococcus faecalis, and Leuconostoc mesenteroides as an equivalent 
amount of pyridoxal, and that it is hydrolyzed rapidly by 0.055 n HCl 
at elevated temperatures, and much more slowly by 2 N HCl. These 
facts are in accordance with our data on the extraction of vitamin B, 
from yeast, but it should be stressed that pyridoxal apparently constitutes 
only a minor fraction of the vitamin Bg in yeast, as is shown in Table IV 
and by other investigators (4, 7), the major portion being pyridoxamine. 
The value of only 3 y per gm. of pyridoxal by direct test for pyridoxal 
phosphate (measured by its activity as a codecarboxylase; cf. Table IV) 
speaks against the possibility that pyridoxal might be transaminated 
to pyridoxamine during acid extraction of the yeast. In order to provide 
a complete explanation of the analytical effects in terms of the hydrolysis 
of a combined form consisting of “vitamin Bg phosphate,” it would there- 
fore be necessary to demonstrate that pyridoxamine occurs in yeast in a 
combined form, as does pyridoxal (19), and, further, that the microbiological 
and hydrolytic behavior of such a combined form parallels that of pyridoxal 
phosphate. A first step towards such a possibility is provided by the 
work of Umbreit, O’Kane, and Gunsalus (20) who demonstrated that 
synthetic pyridoxamine phosphate can act in place of pyridoxal phosphate 
a8 & coenzyme for transamination (though not for decarboxylation). 

The further possibility may be considered that the various members 
of the vitamin B, group occur in yeast in combination with protein. 
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Kuhn and Wendt (17) showed that yeast contains such an Adermjs, 
Protein, which is not dialyzable. Green, Leloir, and Nocito (21) hay 
pointed out that pyridoxal phosphate shows a strong tendency to combine 
with protein during autoclaving and that it loses its growth-promoting | 
activity by such a combination. The evidence of Rabinowitz and Sng | 
(15) that vitamin B, is liberated from yeast much less rapidly than Dyn 
doxal from pyridoxal phosphate indicates, as they have stated, that th 
former process involves more than hydrolysis of the phosphate linkage | 


We wish to thank Mrs. Gloria Toscano Testa for valuable assistang 
with some of the assays. 


SUMMARY 


The efficiency of extraction of vitamin Bs activity (for Saccharomyea 
carlsbergensis) from yeast during an extraction time of 1 hour is greates 
within the relatively narrow range of pH 1.5 to 2.0, and diminishes pr. 
gressively on either side of these limits. The lower response of the tes 
organism to extracts prepared at other pH levels can be raised to maximal | 
or near maximal values by further hydrolysis in 0.055 N H.SO, (pH 17) | 
for 1 hour, or in 2 N H,SOQ, for 8 hours, or by enzymatic treatment. Similar | 
release of activity is demonstrated for vitamin Bg in liver. 

These data are discussed in relation to the nature of these combined 
forms and to the question of the existence of a fourth member of the} 


vitamin Bs group. 
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LETTERS TO THE EDITORS 





BIOTIN AND THE SYNTHESIS OF ASPARTIC ACID 
BY MICROORGANISMS 


Sirs: 

Few data have been available to indicate the specific metabolic réle of 
biotin! The data presented below demonstrate that biotin is involved in 
the synthesis of aspartic acid. 





Ml. acid formed per 10 ml. medium* 





0.0005 y biotin per 10 ml. | 0.02 y biotin per 10 ml. 
edi edi 





| 








Organism mediumt medium 

N ic | Aspartic | N tic | Asparti 

| ° or | seit © | ° - 2 ic re 1c 

Lactobacillus delbriickii LDS5............ / 1.2 8.5 | 8.8 10.5 
a arabinosus 17-5............| 0.7 9.2 | 11.0 | 11.1 

* ES Vi dden ceeanteneeeanal ee 9.0 | 88 11.7 
Streptococcus faecalis R.................| 0.8 11.1 | 8.9 | 12.9 
” we. ee ae. 10.3 | 7.0 | 12.0 

“ durans 98A...............| 3.1 1.1 | 108 | 11.5 
Leuconostoc mesenteroides P-60..........| 0.9 13.4 | 0.8 | 17.3 





The lactobacillus cultures were titrated with 0.1 x NaOH and the remaining 
cultures with 0.05 n NaOH. 

*Growth is proportional to the lactic acid formed. 

t Stokes, J. L., Gunness, M., Dwyer, I. M., and Caswell, M. C., J. Biol. Chem., 
160, 35 (1945). 

{2 mg. of the di form per 10 ml. of medium. 


Many of the lactic acid bacteria appear to require for growth an exo- 
genous supply of both biotin and aspartic acid, if the biotin supply is 
limited to 0.001 y or less per 10 ml. of medium. However, if the biotin 
content is increased to 0.005 y per 10 ml. or more, nearly full growth occurs 
in the absence of aspartic acid (see the table). The only exception so far 
found has been Leuconostoc mesenteroides. Aspartic acid assays with the 
latter organism? indicate that cells of Streptococcus faecalis R, Lactobacillus 

‘Hertz, R., Physiol. Rev., 26, 479 (1946). 

*Hac, L. R., and Snell, E. E., J. Biol. Chem., 159, 291 (1945). 
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arabinosus, Lactobacillus casei, and Lactobacillus delbriickit grown with 
excess biotin and without aspartic acid contain as much aspartic acid as th 
same cells grown with a minimal supply of biotin and with aspartic acid 
There is no doubt, therefore, that the addition of excess biotin to the bagy 
medium leads to synthesis of aspartic acid by the bacteria. The biotip. 
aspartic acid relationship is specific, since marked increases of the othe 
vitamins in the medium do not lead to bacterial growth in the absence ¢ 
aspartic acid nor does excess biotin induce growth in the absence of any ¢ 
the other essential amino acids. Also, it appears that biotin is involved j 
reactions other than synthesis of aspartic acid, since biotin is required fe 
growth even though the medium contains excess aspartic acid. The poss. 
bility that biotin is concerned in the formation of aspartic acid was firs 
suggested by Koser et al.* on the basis of data which showed that the biotin 
requirement of the yeast, Torula cremoris, is greatly reduced in the presence 
of aspartic acid. 

A large number of experiments with resting cell suspensions, designed ti 
determine the specific aspartic acid-forming reaction catalyzed by biotin 
has revealed that, although such suspensions can readily form aspartir 
acid through transamination and other reactions, no conclusive evidence 
has been obtained as yet to indicate that biotin is involved in any of thes 
reactions. 


Research Laboratories Jacos L. Sroxss 
Merck and Company, Inc. Atma LARSEN 
Rahway, New Jersey Marion Gunyes 


Received for publication, December 14, 1946 





* Koser, 8. A., Wright, M. H., and Dorfman, A., Proc. Soc. Exp. Biol. and Med.,§, | 


204 (1942). 
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SUBSTITUTION OF THIAMINE BY CERTAIN AMINO ACIDS 
IN THE NUTRITION OF BACILLUS PARAALVEI* 


Sirs: 

In a study of the growth factor and amino acid requirements of organisms 
associated with foul-brood diseases of bees! it was observed that Bacillus 
paraalvet grew abundantly in a synthetic medium containing fifteen to 
eighteen amino acids in the presence of thiamine but only moderately in its 
absence. When phenylalanine, valine, isoleucine, and cystine were 
omitted separately or together from the medium containing thiamine, 
growth was not affected. However, when the first three acids were omitted 
separately or together from a medium devoid of thiamine, growth was 
reduced markedly and when cystine was left out it was negligible. Thus, in 
the absence of thiamine, these four amino acids became essential for the 
organism. In further studies it was found that cystine could be replaced 
completely, in a medium lacking thiamine, with cysteine, glutathione, 
homocystine, and homocysteine,” to some extent with sodium thioglycolate, 
sodium thiosulfate, and ascorbic acid, very poorly if at all with methionine, 
and not at all with sodium sulfite, thiouracil, and thiourea. Use of espe- 
cially purified cystine, and synthetic compounds where possible, reduced 
to a minimum the chance of thiamine contamination of the medium. 
Filtration of the media through Seitz or fritted glass instead of auto- 
claving did not alter these results. 

It appeared, therefore, that lack of thiamine could be partially overcome 
under certain conditions; 7.e., a reduced (low E,) medium (preferably con- 
taining cystine or a related compound) and the presence of specific amino 
acids. The fact that maximum growth occurred only with the vitamin 
suggested that it is essential for the organism* and that the conditions 
mentioned above permit synthesis of the vitamin (or perhaps a portion of 
it) to a limited degree or substitution of its physiological action. Since 
bivalent sulfur is probably involved, it is possible that the thiazole fraction 
is concerned here. Indeed it has been suggested* that an a-amino acid 
(such as alanine) may be a partial precursor of the thiazole portion of the 
thiamine molecule. Additional work in this laboratory indicated that the 

*Contribution No. 234 (Journal Series) from the Division of Bacteriology and 
Dairy Research, Science Service, Department of Agriculture, Ottawa, Canada. 

' Katznelson, H., and Lochhead, A. G., J. Bact., 53, in press. 

* Samples of homocystine and homocysteine were kindly supplied by Dr. Vincent 
du Vigneaud, Department of Biochemistry, Cornell University Medical College, 
New York. 

* Knight, B. C. J. G., in Harris,R. S., and Thimann, K. V., Vitamins and hormones, 
New York, 3, 105 (1945). 
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thiazole and pyrimidine portions of the vitamin‘ could completely replag: | 
the intact molecule and that ihe thiazole moiety, when added to an amino | 


acid medium devoid of cystine or to one devoid of cystine, phenylalanine 
valine, and isoleucine permitted growth of the organism equivalent to tha 
produced by intact thiamine, whereas the pyrimidine fraction did not. 
Attempts are now in progress to demonstrate synthesis of the thiazole by 
means of resting cells acting on a substrate consisting of cystine, phenylals. 
nine, valine, and isoleucine. 

Division of Bacteriology and Dairy Research H. Karznetsoy 


Department of Agriculture 
Ottawa; Canada 


Received for publication, December 16, 1946 





* Kindly supplied by Dr. H. B. Woodruff, Merck and Company, Inc., Rahway, 
New Jersey. 
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NUCLEOLYTIC AND PROTEOLYTIC ACTIVITIES OF THE 
NEW CRYSTALLINE PROTEIN FROM BEEF PANCREAS* 


Sirs: 

Recently! we described the preparation of a new crystalline protein from 
beef pancreas. Freshly prepared protein showed high thymonucleode- 
polymerase (TNDase) activity, which decreased sharply during subse- 
quent recrystallizations. Because we were unable to detect the accumula- 
tion of TNDase activity in the mother liquor, it was tentatively assumed 
that the crystalline protein might represent a partially inactivated TN Dase. 



































vieigi | | y p | T 
Preparation No. (crystals) | _ ‘ne cy P:T NS. liquor | Py - my P:T 
mg. | mg. | mg. | mg. | mg. 
10, 3rd step, McCarty | 534 (0.15/3, 560 | na | | 
10D2, prior to erystal- |68,000 440 |1.28| 344 
lization | | 
10D21, lst crystals (20, 000 124 1. 19} 104 10D22 | 
10D211, 2nd crystals | 1, 600) 6. 5/0. 89) 7.3) 10D212 172 |2.7 64 
10D2111, 3rd crystals | 373) 1.60.39, 4.1) 10D2112 | 3,300) 20 6.0| 3.3 
10D21111, 4th crystals | 1 110.40 2.7; 10D21112 13.8/4.5 3.1 
10D211111 |} 1 ie 3.9) 10D211112 1.4/1.0 1.4 
11B22, prior to erys- | 1117.00.72) 162 
tallization | | | 
11B221, Ist crystals 8.60.36) 24 11B222 117 _|1.08) 108 
11B2211, 2nd crystals 1.0.0. 16; 6. 4 11B2212 78 (1.48) 53 
12B2, prior to crystal- |12, 200/700 - 635 | 
lization | | | 
12B21, Ist crystals | 700) 180 | | 12B22 12,300/1100 (0.61)1803 
12B211, 2nd crystals 28 29 0. 40 72.5) 12B212 650) 900 (1.40) 640 





This assumption, however, was unlikely, since, in several instances, we 
succeeded in concentrating the nucleolytic activity in the mother liquor far 
above the original activity of the solution from which the crystals were 
removed (the table, ¢.g. Preparations 10D211-D2112, etc.). Our previous 
failure to recognize this fact may have been due to the use of the viscosity 
method? (V units) without sufficient precaution. Determination of 


* Aided by grants from the John and Mary R. Markle Foundation and the Donner 


Foundation. 
1 Laskowski, M., J. Biol. Chem., 166, 555 (1946). 
? Laskowski, M., and Seidel, M. K., Arch. Biochem., 7, 465 (1945). 
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activity by the acid-soluble phosphorus method* (P units) appeared to be | 
more reliable. 

McCarty* found that his purified desoxyribonuclease exhibited son, | 
proteolytic activity. We measured the proteolytic activity of our preparg. 
tions, using casein as a substrate and determining the liberated tyrosine | Su 
after 10 minutes incubation at 37° at pH 9 (borate buffer). One T uni | 
(tyrosine unit) corresponded to the liberation of 10-* milliequivalent ¢ 


. <a wit 
tyrosine. Crystalline trypsin® measured under these conditions gave 145T WI 
units permg. The proteolytic activity of our potentially crystalline frag. | cu 
tion was higher than that of the original McCarty preparation (No. 10D2 lat 


10) and gradually decreased during successive recrystallizations. The na 

proteolytic activity of our crystals never accounted for more than 1 per cent =e 

of the activity of trypsin. No parallelism between nucleolytic and pro lat 

teolytic activities has been found. ' 
The experiments summarized in the table suggest that both nucleolytic 

and proteolytic activities were present in the crystalline protein as in- 

purities, still easily detectable after five recrystallizations. — 





Department of Biochemistry M. Laskowski — 
Marquette University School of Medicine ANNA Kazengo| Uni 
Milwaukee Ca 

Received for publication, December 17, 1946 Act 
’ Laskowski, M., Arch. Biochem., 11, 41 (1946). fC 
4 McCarty, M., J. Gen. Physiol., 29, 123 (1946). | Gly 
5 Prepared according to Kunitz, M., and Northrop, J. H., J. Gen. Physiol., 18, C 

991 (1937). C 
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CARBON DIOXIDE UTILIZATION IN THE FORMATION OF 
GLYCINE AND ACETIC ACID 


Sirs: 


Urie acid is decomposed anaerobically by Clostridium cylindrosporum 
with the formation of carbon dioxide, ammonia, acetic acid, and glycine.! 
When uric acid is fermented in the presence of carbon dioxide labeled with 
C*, the isotope enters into acetic acid and glycine. Acetic acid was iso- 
lated by steam distillation and was degraded by decarboxylation of the 
barium salt.2 Glycine was isolated as hippuric acid and was degraded by 
reaction with ninhydrin to give carbon dioxide and formaldehyde.* The 
latter was isolated as the dimedon derivative.‘ 

The data given in the table show the following: (1) Acetic acid and 


Fermentation of Uric Acid in Presence of C“O, by Clostridium cylindrosporum 














Compound ms per 250 ml. Counts per min. per mu 
Uric acid fermented................... 5.2 
Carbon dioxide, added................ 1.095 57,000 + 2000 
¢s ” Rr ee 18.4 2,960 + 200 
Mosthe gotd, formed. .... 2... 5. .c00ses. 2.94 
Sere 770+ 50 
is i cs a whe sa sd eee Sm 1,900+ 150 
 cssvcsawenacces mon 1.41 
ES Fogo cud ek erdexeke eee 1,700 + 160 
0 RS arene can eee oa te 100 + 50 
I CI vnisncccecuseveccnec 19.25 











glycine contain C™ derived from carbon dioxide. (2) The methyl carben 
atom of acetic acid contains more than twice as much C" as the carboxyl 
carbon atom. ‘This confirms preliminary results previously obtained® with 
the aid of C". The distribution of carbon dioxide carbon in acetic acid is 
quite different from that observed with other bacteria.?:* (3) In glycine, 
the isotope enters largely or perhaps exclusively into the carboxy] group. 

A comparison of the specific activities of the carbon atoms in acetic acid 
and glycine proves that these compounds are formed by different reactions 


‘ Barker, H. A., and Beck, J. V., J. Biol. Chem., 141, 3 (1941). 

* Barker, H. A., and Kamen, M.D., Proc. Nat. Acad. Sc., 31,219 (1945). 

* Alexander, B., Landwehr, G., and Seligman, A. M., J. Biol. Chem., 160, 51 (1945). 
*MacFadyen, D. A., J. Biol. Chem., 158, 107 (1945). 

* Barker, H. A., Ruben, S., and Beck, J. V., Proc. Nat. Acad. Sc., 26, 477 (1940). 

* Barker, H. A., Kamen, M. D., and Haas, V., Proc. Nat. Acad. Sc., 31, 355 (1945). 
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and are not interconvertible. This is in agreement with the conclusion ¢ 
Sonne et al.’ in regard to the non-interconversion of acetic acid and glyciy’ 
in the pigeon. The low specific activity of the carboxyl carbon in acet; 
acid indicates that it cannot be derived entirely from carbon dioxide by 
must be formed in part directly from uric acid. The methyl carbon ¢ 
acetic acid and the carboxyl carbon of glycine do not differ significantly j 
specific activity and may be derived entirely from carbon dioxide. Ty 
fact that the specific activities of these carbon atoms are lower than that, 
the final carbon dioxide may be due to a lack of isotopic equilibrium betwee! 
the inside and outside of the bacterial cells. | 


Division of Plant Nutrition H. A. Barrm 
University of California S. R. Exspey 
Berkeley 


Received for publication, December 27, 1946 





7 Sonne, J. C., Buchanan. J. M., and Delluva, A. M., J. Biol. Chem., 166, 395 (1946), 
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ISOLATION OF a-PHOSPHOTRIHYDROXYGLUTARIC ACID 
FROM DOG LIVER 


Sirs: 

The occurrence in liver and kidney of a nitrogen-free compound, which 
yields insoluble mercury and barium salts, has been mentioned earlier.’ 
We should like to report now that this compound is the a-phosphate ester 
of a trihydroxyglutaric acid. 

The compound was isolated from dog liver after preliminary removal of 
soluble mercury and barium compounds and acid hydrolysis of the nucleo- 
tides by repeated fractionation as the mercury salt. 

The air-dry barium salt contained 44.7 per cent barium and 5.05 per cent 
phosphorus, indicating a ratio of 2 atoms of barium per atom of phos- 
phorus. The compound was easily oxidized with dilute permanganate 
solution at acid reaction, with the formation of 2 moles of CO,. The 
phosphate group was not hydrolyzed under these conditions. This be- 
havior suggested the presence of two terminal carboxyl groups. In acid 
solution the phosphate ester consumed within a short time 1 mole of 
periodate, indicating the presence of two adjacent hydroxyl groups. One 
of the split-products was glyoxylic acid, identified by several color reactions, 
by the formation of the dinitrophenylhydrazone, and by oxidation to 
oxalic acid. Formic acid was not present. 

The compound was hydrolyzable with difficulty by acid. The hydro- 
lyzed product consumed 2 moles of periodate. This indicated that the 
hydroxyl esterified to phosphate was adjacent to the two free hydroxyl 
groups. Formic acid was identified as a product of the reaction of the 
hydrolyzed compound with periodate. 

The hydrolyzed compound after standing for 2 to 3 days with sodium 
periodate in a solution of sodium bicarbonate consumed 4 molecules of 
periodate. Slow oxidation by periodate has been described as character- 
istic of glyoxylic acid? which is oxidized under such circumstances to formic 
acid with the liberation of 1 mole of CO.: COH—COOH + O = CO, + 
HCOOH. The additional uptake of 2 moles of periodate indicated the 
presence of two glyoxylic acid groups. In gasometric experiments the 
reaction between the hydrolyzed compound with NalIO, (sodium meta- 
periodate) under conditions similar to those described by Sprinson and 
Chargaff * yielded 2 moles of CO, as expected if 2 moles of glyoxylicacid had 
been formed. Further oxidation of the reaction mixture with bromine led 

‘Rapoport, S., and Nelson, N., J. Biol. Chem., 161, 421 (1945). 


* Fleury, M. P., and Bon-Bernatets, G., J. pharm. et chim., 23, 85 (1936). 
* Sprinson, D. B., and Chargaff, E., J. Biol. Chem., 164, 433 (1946). 
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to the oxidation of the 3 formic acid molecules formed with the additiony | 


liberation of 3 moles of CO-. 

These data appear to establish the constitution of the substance 
a-phosphotrihydroxyglutaric acid The compound gives the followin 
reactions of interest: (1) With hypoiodite about 6 equivalents of I ap 


consumed and iodoform is formed. A positive Lieben reaction is known ty | 


be given by mannonic and mannosaccharic acids‘ and may be interprete | 
as evidence of lactonization and formation of a reactive hydrogen atom 
(2) The compound, as do other saccharic acids, yields a yellow color wit 
Nessler’s solution, with a sharp peak in the near ultraviolet. The max. 





mum extinction of the phosphate ester is at 383 my and of the hydrolyze 
compound at 373 mu. 

Four stereoisomeric forms of trihydroxyglutaric acid are possible an 
known. Two are inactive forms, derived from ribose and xylose, respee. 
tively. The two optically active antipodes are derived from arabinog 
Work is in progress on the steric configuration of the compound. 

To our knowledge no compound of the structure of a saccharic acid hgs| 
been previously found in nature. The presence of considerable amounts! 
of such a compound in liver and kidneys raises questions as to its possibk 
significance in the intermediary metabolism. | 
Children’s Hospital Research Foundation S. Rapoport 

Department of Pediatrics Ropert H. Waeys | 

College of Medicine 

University of Cincinnati 

Cincinnati 


Received for publication, December 23, 1946 


* Rehorst, K., Naturwissenschaften, 26, 13 (1937). 
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RAPID EXTRACTION OF HUMAN ERYTHROCYTE 
CHOLINESTERASE BY ALKALI 
PSEUDOAGGLUTINATION 


Sirs: 

In a clinical investigation of cholinergic states we encountered the need 
for a potent cholinesterase of human origin. The most readily available 
human source is the erythrocyte, which contains the enzyme in appreciable 
amounts. Cholinesterase can be liberated from red blood cells by a variety 
of methods, all of which have in common the destruction of the cell. For 
our experiments the presence of hemoglobin in the final substrate is a 
disadvantage. This communication reports a method for rapid extraction 
of human erythrocyte cholinesterase which is comparatively free of prod- 
ucts of hemolysis. The method is based on the observation of one of us! 
that pseudoagglutination occurs when erythrocytes are treated with dilute 
alkali. 

By extracting chilled human erythrocyte paste for 3 hours with 0.1 
volume of 0.85 per cent NaCl solution to which had been added sufficient 
concentrated NH,OH solution to raise the pH of the suspension to 8.3, 
maximal esterase extraction with minimal hemolysis is accomplished. The 
supernatant, when removed from the ‘‘clumped”’ cells, has an esterase 
activity approaching that of corpuscle paste and a protein content of about 
0.5 percent. Thus a 100-fold concentration is effected. 

The cholinesterase extract should immediately be subjected to suction to 
remove NH; and so lower the pH toward neutrality. The solution then 
may be stored indefinitely at ice box temperature, or subjected to further 
concentration by ammonium sulfate fractionation, or lyophilization. 


Halloran General Hospital JoHN MENTHA 
Staten Island HELMUTH SPRINZ 
New York RoBertT BARNARD 


Received for publication, January 6, 1947 





1 J. Lab. and Clin. Med., 28, 98 (1937). 
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THE STIMULATION OF BACTERIOPHAGE SYNTHESIS BY 
INDOLE-3-ACETIC ACID 
Sirs: 

In the course of studies of the nutritional factors governing virus re- 
production in an Escherichia coli T; bacteriophage system, we have observed 
that indole-3-acetic acid (heteroauxin) stimulates virus reproduction on a 
limited medium. 
140- 
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Escherichia coli B was grown to 5 X 10’ bacteria per cc. in nutrient broth 
(N) containing 8 gm. of Difco nutrient broth and 5 gm. of NaCl per liter of 
H,O. The organisms were sedimented and washed twice with a defined 
lactate-NH,Cl medium (F).!. The washed organisms were resuspended in 
N, F, and F plus a supplement. To these bacterial suspensions was added 
a purified concentrate of the virus, T:.!. The multiplication of virus in the 
same bacteria on the different media was determined by the one-step growth 
technique of Delbriick and Luria.? 

Some data of this type are presented in the figure. The four one-step 
virus growth curves from the systems containing F were determined 
simultaneously. The growth curve in N is a typical one from another 


? Cohen, S. S., and Anderson, T. F., J. Exp. Med., 84, 511 (1946). 
*Delbriick, M., and Luria, S. E., Arch. Biochem., 1, 111 (1942). 
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experiment in which the simultaneously determined F curve and F 
5 X 10- Mo indoleacetic acid curve were within 10 per cent of the late 
periods and burst sizes given for these systems in the figure. 

When the bacteria were transferred from nutrient broth to F, the late 
period of virus multiplication was shifted from 21 to >50 minutes, and 
burst size was greatly reduced. A concentration of 5 X 10~ m tryptoph 


did not appreciably change this. However, 5 X 10~ M indole-3-acg 


acid reduced the latent period to about 43 minutes and markedly inereg 
the burst size. With5 X 10-‘and 10- M indoleacetic acid, the latent pe 


. 


was further decreased, while the burst size approached that of nutrie 


broth. 5 X 10-* Mm heteroauxin totally inhibited T, synthesis in F, 
turbidity of aerated uninfected cultures of washed bacteria doubled in 
minutes in N, and 2} hours in F or F + 5 X 10-‘M indoleacetic acid. 


The importance of this compound in virus multiplication in this syste 


raises a question concerning its possible significance in other virus systen 
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